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(57) Abstract 

Methods ind structures of energy/matter 
conversion according to the present invention pro- 
vides applications including the generation of pow- 
er according to controlled relatively low tempera- 
ture nuclear fusion by selective annihilation of the 
coulombic forces present in the fusion material at- 
oms. The selective annihilation of electron orbital 
energies is provided according to a novel model of 
the atom described herein, which further provides 
the composition of superconductor materials by se- 
lective combination of matter to provide the condi- 
tions necessary to provide superconductivity. Fur- 
thermore, the present invention provides selective 
energy absorption, as illustrated by photon absorp- 
tion and the creation of additional material accord- 
ing to the novel model of the atom described her- 
ein, which overcomes limitations of prior models 
and is consistent vhh basic principles, such as 
Maxwell's equations. 
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ENERGY /MATTER CONVERSION METHODS AND STRUCTURES 
Field of the Invention 



This invention relates to methods and apparatus for energy/matter 
conversion according to a novel atomic model and the applications derived 
therefrom including controlled nuclear fusion and the formation of 
materials such as superconductors. 

BACKGROtJNrV 

Toward the end of the I9th century, many physicists believed that all 
of the principles of physics had been discovered. The laws then discussed 
and accepted, now called "classical physics," included laws relating to 
Newton's mechanics, Gibb's thermodynamics, LaGrange and Hamilton's 
elasticity and hydrodynamics, Maxwell-Boltzmann molecular statistics, 
and Maxwell's equations. However, a discrepancy between nature and the 
understanding provided by prevailing laws was discovered in the case of 
black body radiation, wherein classical physics predicted the intensity to 
go to infinity as a function of temperature while experimentally it goes to 
zero. In 1900. Planck made the revolutionary assumption that energy 
levels were quantized which resulted in a model which was consistent 
with experimentation. Models of the atom were developed by Bohr based on 
the concept of quantized energy levels. Bohr's model was in agreement 
with the observed hydrogen spectrum; however, it failed with the helium 
spectrum and could not account for chemical bonds in molecules. It was 
reasoned that Bohr's model failed because it was based on the application 
of Newtonian mechanics to a discrete particle, and its limited 
applicability was due to the unwarranted condition that the energy levels 
be quantized. Quantization occurs in wave motion; hence, in 1923 de 
Broglie suggested that electrons have a wave aspect analogous to light 
with X «= h/p, where X is the wavelength, h is Planck's constant, and p is 
the momentum. 

In 1927, Davisson and Germer experimentally confirmed de Broglie's 
hypothesis by observing diffraction effects by reflecting electrons from 
metals. Schrodinger reasoned further that if electrons have wave 
properties, then there must be a wave equation that governs their motion. 
In 1926, Schrodinger proposed that the Schrodinger equation, HT = E^, 



was the law which governs the motion of electrons (where ¥ is a wave 
function, H is a wave operator and E is the energy of the wave). This 
equation and its associated postulates provides the basis for the field of 
quantum mechanics. Quantum mechanics requires that physics on an 
atomic scale are quite different from that on a macroscopic scale. 
However, it eritails postulates which are not proven, but are assumed to be 
absolute laws of nature. Central to quantum mechanics is that it is 
statistical in nature. Knowing the state, a position measurement cannot be 
predicted with certainty, and only the probabilities of various possible 
results can be predicted as reflected in the Heisenberg Uncertainty 
Principle: op ox > ti which is fundamental to the prevailing view of 
quantum mechanics and establishes the lower bound for the uncertainty of 
two observables. The Heinsberg Uncertainty Principle states that the 
product of the uncertainty in position and the uncertainty in momentum of 
an electron must be greater than h where tl is Planck's constant divided by 
2n. Prevailing understanding of quantum mechanics does not provide that 
an electron is distributed over a larger region of space as a wave is 
distributed. Rather, it is believed that the probability patterns (wave 
functions) used to describe the electron's motion behave like waves and 
satisfy a wave equation y(x). 

Max Born interpreted y*(x)v(x)dx to be the probability that the 
electron is located between x and x + dx, where is the complex 
conjugate of y(x), and this interpretation is generally accepted. However, 
Born's view results in intangible concepts which conflict with known 
physical laws. For example, it results in overlap of negative probability 
density in molecules, the possibility of an electron instantaneously 
traveling from the nucleus to infinity and back which violates 
conservation of energy; radial kinetic energy which violates conservation 
of energy and angular momentum, and acceleration of a charged particle 
without radiation which violates Maxwell's equations. Schrodinger had a 
different interpretation of V (x) as a charge density function, but his 
interpretation also produces radiation which is contrary to 
experimentation as described in Appendix III. 

With respect to the interpretations of Born and Schrodinger, problems 
have arisen concerning the realization of kinetic energy, spin, and angular 
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momentum of the electron. For instance, there is no time dependence of 
the stationary state wave equation; furthermore, the hypothesized 
electron-electron repulsions in multiple electron atoms violates the law 
of conservation of energy. Moreover, the Schrodinger equation provides no 
5 rational basis for the phenomenon of spin, the Paul Exclusion Principle, or 
Hund's Rule. Also, bonding requires exchange of electrons between atoms 
which would result in violation of conservation of energy and angular 
momentum. 

As a result of the forgoing assumptions and incomplete or erroneous 

10 models and theories, the numerous resulting conflicting models prevent 
the development of useful or functional systems and structures requiring 
an accurate understanding of atomic structure and energy transfer. The 
Schrodinger equation, for example, does not explain the high transition- 
temperature superconductors or "cold" nuclear fusion which comprise the 

1 5 present invention. Thus, advances in materials and energy/matter 

conversion is largely limited to laboratory discoveries having limited or 
sub-optimal commercial application. 

SUMMARY OF THE INVFNTIOM 
The methods and structures according to the present invention provide 

20 unique applications of energy/matter conversion according to a novel 

mathematical model of the atom consistent with Maxwell's equations and 
principles of conservation of energy and angular momentum. According to 
the present invention, methods and apparatus for the useful generation of 
energy are provided wherein fusionable material is selected from a wide 

25 range of possible elements wherein the orbital energies of the fusionable 
material are determined. The energy of the electrons is selectively 
depleted by an energy hole provided by one or more selective materials 
placed in close proximity to the fusionable material. Fusion is permitted 
to occur at a rate determined by the relative equality of the orbital 

30 energies and the energy hole. According to one embodiment, the rate of 
fusion is adjusted by the external control of energies transferred into or 
out of the vicinity of the fusionable material and the energy hole to 
selectively adjust the equivalence of the energies. The energy produced by 
the resulting fusion of the nuclei of the fusionable material is received in 

35 a surrounding material which serves to energize or propel apparatus for 
the generation of power, such as electric power or steam. 
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A further product according to the present invention is the selective 
production of matter, including byproducts of the above described fusion, 
and matter having special characteristics, such as superconductor 
material. Furthermore, the atomic structure and energy of existing matter 
5 is selectively adjustable according to the present invention, such as by 
selectively reducing or increasing the electron orbitals by depletion of 
energy as described above or selection absorption, such as resonant photon 
absorption described according to the present invention. Time and 
spherical harmonic angular charge density functions and their energies 
1 0 and angular momenta which describe the electron before and after a 
transition are consistent with the laws of conservation of energy and 
angular momentum. The radial component of the charge density waves of 
the novel atomic model provides that the entire charge density function of 
three dimensional space and time does not radiate. The condition for zero 
1 5 radiation is the absence of Fourier components of the space time 

transform that are synchronous with waves traveling at the speed of light 
as described in Appendix I and Appendix II. 

The boundary condition of the radial function which forces the charge 
density function to be nonradiative and the result that the moment of 
20 inertia of each said function is a function of quantum numbers naturally 
give rise to the wavelike nature of the electron. The wavelength is 
identical to the de Broglie wavelength, X = h/p, for all these functions 
that describe the electron and its energy in space-time and are hereafter 
referred to as Mills orbitals possessing energy, hereafter referred to as 
25 the Mills energy. To distinguish the basis of the present invention from 
the prior art, the mechanics of the present novel atomic model is 
hereinafter referred to as Mills mechanics. 

The electron orbitals according to the novel atomic model, referred to 
as Mills orbitals, are spherically symmetric charge density functions 
30 which are the product of a radial delta function, two angular spherical 
harmonic functions, and a time harmonic function. Each orbital is the sum 
of a constant Mills orbital which rotates with a quantized angular velocity 
and a Mills' orbital charge density modulation' function which also rotates 
with a quantized angular velocity to result in a traveling wave of charge 
3 5 density on the surface of the sphere. The- time harmonic motion of the 
former gives rise to the phenomenon of magnetic spin of one Bohr 
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magneton for the electron. The latter time harmonic traveling naturally 
gives rise to orbital angular momentum. The interaction of the 
independent time harmonic motions gives rise to spin-orbital coupling, 
and the predicted spin, orbital angular momentum, and the associated 
5 energies are in exact agreement with experimentation. 

The energy of an electron is stored in its electric and magnetic fields. 
Orbital energies are approximately equal to ionization energies. The 
orbital energies of several one- and two-electron atoms juxtaposed with 
their experimentally determined ionization energies appear in Table I and 
10 Table II. 

Photon absorption by an electron with a transition to a higher energy 
Mills orbital arises naturally where a standing traveling wave of the 
photon is formed inside of the Mills orbital. This photon wave is a solution 
of Laplace's equation in spherical coordinates; thus, it is a spherical 

1 5 harmonic. The photon wave rotates in both directions simultaneously, or it 
rotates in the opposite direction of the spin or angular momentum of the 
Mills orbital to change the spin or angular momentum by one quantum 
which is carried by the photon, thus, the selection rules AM; AS = O + 1 for 
transitions arise naturally from conservation of angular momentum. 

20 The electric field of an electron of a Mills orbital in the ground state 
is zero inside the orbital and is the field of a point charge at the origin 
outside of the orbital; thus, electron-electron repulsions are naturally 
eliminated in multi-electron atoms. 

The radii of orbitals in atoms are calculated in turn by setting the 

25 centripetal force equal to the sum of the coulombic and magnetic forces. 
Thus, the result that isolated Mills orbitals are stable where the 
coulombic attractive force does not cause the electron to collapse into 
the nucleus arises naturally. For all atoms and ions, there exists a central 
coulombic force acting on each orbital that is proportional to the net 

3 0 charge (that is the charge not cancelled by other electrons). A positive 

central magnetic spin pairing force exists between two unpaired electrons 
which results in pairing in the same shell with spins opposed. Thus, the 
Pauli Exclusion Principle arises naturally. A diamagnetic repulsive central 
force exists between paired electrons of an inner shell and an unpaired 

3 5 electron of an outer shell. A four body problem does' not arise because the 
change in the centripetal force of the inner shell electrons affected by the 
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outer electron is exactly balanced by the Lorentzian force provided by the 
magnetic field of the outer shell electron; thus, it is possible to calculate 
the exact radius and exact energy of the Mills orbital of any electron of 
any atom. Illustrative examples appear in Table 1 and Table 2. 

5 The electric field of a Mills orbital is zero inside the shell, and this 
feature naturally J gives rise to the chemical bond. Bonding between atoms 
occurs because the overlap of Mills orbitals of two atoms reduces the 
total energy stored in the electric fields of the participating atoms. The 
bond distance of the H2 molecule is determined in accordance with the 

1 0 present invention and shown Appendix V to be the experimentally 
confirmed value of .748A. 

Mills orbitals are spherical, and the radius increases with the 
absorption of electromagnetic energy. When the electron is ionized the 
radius of the Mills orbital goes to infinity, and the electron is a plane 

1 5 wave with the de Broglie wavelength. The plane wave nature of an electron 
is consistent with the results of prior double slit experiments. 
Furthermore; coupling of two such plane waves which are 180° out of 
phase as a zero phonon event provides Cooper pair formation and provides 
the basis of a model which provides for superconductors of high transition 

20 temperature which is the present invention. These materials comprise one 
or two dimensional lattices that contain atoms whose electrons can be 
ionized by an applied electric or magnetic field. Moreover, the lattice is of 
low symmetry so that the existence of symmetric phonons is improbable. 
Interactions of said phonons and Cooper's pairs causes the pairs to break. 

25 A representative two-dimensional unit cell is 

D-tl_B, where M is a metal and A, B, C, and D are different atoms or 

i 

different oxidation states of the same atom or atoms. 
30 Mills orbitals can resonantly absorb an energy hole, and, as a 

consequence, the radius decreases. With sufficient decrease in radius the 

electron can annihilate a proton to form a neutron. Thus, K capture arises 

naturally from this phenomenon. 

Furthermore, outside of the outermost Mills orbital of a neutral atom, 
35 the electric field of the nucleus is zero; thus, as the radii of atoms 

resonantly decrease, atoms can approach more closely before nuclear 
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coulombic repulsive forces occur. And, with sufficient decrease, the 
nuclei of atoms, such as deuterium atoms in deuterium molecules, can 
approach sufficiently for fusion to occur at relatively low temperature. 
This process of providing low temperature fusion according to the present 
5 invention is hereafter referred to as Coulombic Annihilation Fusion (CAF). 
For deuterium," CAF requires a source of energy holes of slightly greater 
energy than 27 eV (n/2 27.21 eV; n « 2,3,4,...) to cause a resonant radius 
reduction of a Mills orbital of the deuterium atom. An illustration of such 
an energy hole system is Pd 2+ and Li+ which catalytically removes a 

1 0 quantum of energy during each cycle of a reaction where the oxidation 
states increase and decrease by one, respectively, and are regenerated by 
the reverse redox reaction. Also, the present invention provides for many 
more such energy hole systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 5 The present invention is further described with respect to the 
drawings having the following solely exemplary figures, wherein: 
Figure 1 is a pictorial illustration of Mills orbitals of the novel atomic 
model; 

Figure 2 is a pictorial illustration of the magnetic field lines ot an 
20 electron in a Mills orbital in an un-ionized state; 

Figure 3 is a pictorial illustration of two approaching hydrogen atoms; 
Figure 4 is a pictOTial illustration of the two hydrogen molecules as their 
Mills orbitals spatially overlap; 

Figure 5 is a pictorial illustration of the electric field vectors when the 
25 Mills orbitals of two hydrogen atoms penetrate; and 

Figure 6 is a block diagram of a fusion reactor according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THF INVFNTIOM 

Principles 

30 Conservation of mass-energy, conservation of linear and angular 
momentum, Maxwell's equations, and Newtonian mechanics for sublight 
speeds are absolute laws of nature. Thus, a body in equilibrium which is 
not acting on or being acted on by another body possesses constant mass- 
energy, constant angular momentum, force balance, and is not radiating. 

35 And, a body not at equilibrium exchanges mass-energy and angular 

momentum in a conservative manner until the body is again at equilibrium. 
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An isolated atom or molecule qualifies as such a body, and a novel model 
of the atom and molecules hereafter referred to as Mills mechanics is 
derived based solely on these principles, and the charge/mass density 
functions which describe the electron are Mills orbitals. 
Mills Orhitak 

Consider the body of an isolated hydrogen atom at rest in three- 
dimensional space. All forces are central and the coordinate system is 
spherical. The mass-energy and angular momentum are constant which 
necessitates that the equation of motion of the electron of the atom be a 
time harmonic. Conservation of angular momentum further necessitates 
that the electron space-time angular mass density function must be a 
solution of a wave equation given in general form as follows: 

( V2 + v^d4) A(o '*' t) = 0 
Spherical harmonics are general solutions of this equation. Conservation 
of momentum and energy in the absence of external forces or energy 
exchange determine that the angular functions must be separable. 

The electron has a charge of 1.6 X 10 - 1 9c and possesses an angular 
space-time mass density function which is a spherical and time harmonic. 
Charge is conserved and obeys superposition; thus, the mass density 
function of an electron is equivalent to its charge density function which 
depending on the form of its separable radial function will radiate due to 
the time harmonic angular acceleration of charge. The condition for 
radiation by moving charge is derived from Maxwell's equations in 
Appendix I. To radiate, the space-time Fourier transform of the charge 
density function must possess components synchronous with waves 
traveling at the speed of light. Thus, the product of two spherical 
harmonic functions, a time harmonic function, and a radial function must 
not possess space-time Fourier components that are synchronous with 
waves traveling at the speed of light. The solution of this boundary value 
problem is the radial function given as follows: 

'( ') - 6(r-r 0 ) 

" The boundary condition for the product of the said four functions which 
results in the absence of radiation is given in Appendix II. For an angular 
frequency of co = to 0 . the space-time Fourier transform is zero when 2nr = 
nX. This function, with the boundary condition 2nr = nX is a Mills orbital. 
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The boundary condition requires that the electron possess a 
wavelength X. The wavelength of an electron is the de Broglie wavelength, 

p 

The exact forms of the angular and time harmonic functions can now be 
5 solved from the wave equation in spherical coordinates. The form of the 
wave equation for the angular and time harmonic functions is as follows: 
1 5^ 

( v2 + ^I^2) AO.*. 0-0 

tein~^ (Sine( W )r '* + ^^ ( ^ )r ' e + v^^) A(9 '*' l >-° 
The energy, E, of a rotating body is given as follows: E = 1/2 I© 2 , 
1 0 where I is the body's moment of inertia and a> is its angular velocity. The 
angular velocity a> is related to the frequency \> as follows: 

(o = 2nv 

And, the wavelength, X, can be expressed in terms of the frequency v and 
velocity v as follows: 
15 uX=v 

Substitution of these relationships into the wave equation gives the 
result, 

- t)2 1 5 . 5 1 52 

2 1 [ sin 9 69 (S,ne( 5i ) + iin^9 ( 5^ )] A(9 ' t} = E A ( 6 ' « 
The time harmonic function K(t) = e i(0 O is separable and is cancelled 
20 yielding the following equation: 

"if (Sin9( 6^ )+ sinV^6$ J Y(e ^ ) = EY ^^ ( 6 - 4 6) 

If we multiply Eq. 6-46 by sin 2 8 and let 

we Tmd the partial differential equation 

25 Sin9 Ie* ( sin9 i^) + i^ + P sin2eY = 0 ' (6-48) 

To solve this partial, differential equation, we use the method of 
separation of variables and let 

Y(6. <}>) = g(9) hfo) (6 . 49) 
If we substitute Eq. 6-49 into Eq. 6-48 and then divide by 0(8)0(0), we 
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find 

sine A ( sin9 ) + p sin2 9 + -J-g = o (6-50) 

g(6) d0 v d8 ' p h(<fr) d<j> 2 

Because 9 and <J> are independent variables, we must have that 

^^(sine^) + Psin2e--m2 (6-51) 
g(6) d9 v } de 7 

5 and 

-!-^ = -m2 (6-52) 
h«>) d<(.2 

where m2 is a constant. Note that Eqs. 6-51 and 6-52 add up to Eq. 6-50. 

Equation 6-52 is relatively easy to solve, and its solutions are 

h(<|>) m Ame' m ^and h(<|») = A- m e- jm< » (6-53) 
1 0 The requirement that h(<» be continuous is that 

h(4> + 2n) = h(<« (6-54) 

By substituting Eq. 6-53 into Eq. 6-54, we see that 

Ame im(<t>+2n) = A m e'^ (6-55 ) 

and that 

15 A. m e-' ,m (<l> +2 *) = A. m e- |m * (6-56) 

Equations 6-55 and 6-56 together imply that 

e ±i2nm = -j (6-57) 

In terms of sines and cosines, Eq. 6-57 is 

cos(2nm) ± i sin (2rcm) = 1 

20 which implies that m = 0, ±1, ±2 because cos 2itm = 1 and sin 2nm = 0 

for m = 0, ±1. ±2,... Thus Eq. 6-53 can be written as one equation 

hm(<J>) = A m e» m< i> m = 0, ±1, ±2,... (6-58) 
We can find A m by requiring that the h m (<J)) be normalized. The 
normalization condition is that 
2jc 



25 



* 

d<|> h (<t>)h m (<|>) = 1 
m 



0 

Using Eq. 6-58 for the h m (<t>), we have 

2n 

|A m |2 Jd* = 1 



or 



1 1 



|A m |2 2n = 1 

or 

A m = (2ti)-1/2 
Thus, the normalized version of Eq . 6-58 is 

i M«-j2^l72 eim * m -°' t1 . 42 -- (6-59) 
The solution to Eq. 6-51 is obtained by the power series method. We shall 
not present all the details for the solution to Eq. 6-51. but when one does 
solve Eq. 6-51, it turns out naturally that 6 in Eq. 6-47 must obey the 
condition 

0 = 1(1+1) 1 = 0,1,2,... (6-60) 

Using the definition of B, Eq. 6-60 is equivalent to 

h-2 

E, = 27 1(1+1) 1 = 0,1,2,... (6-61) 
A set of discrete energy levels are obtained. 

The charge density functions of Mills orbitals are given by the solutions to 
Eq. 6-46. To solve Eq. 6-46, we assumed separation of variables and wrote 
Y(e,<» = g(e) h(<j>) (Eq. 6-49) . The resulting differential equation for h(<|>) 
(Eq. 6-52) is relatively easy to solve, and we showed that its solutions 
are (Eq. 6-59). The differential equation for g(6), (Eq. 6-51), is not easy to 
solve. It is convenient to let x = cos 9 and g(9) = P(x) in Eq. 6-51. Because 0 
i 9 < n, the range of * is -1 < x < +1. Under the change of variable, x = cos e, 
Eq. 6-51 becomes 

(I - x2) ^2 - 2x— + [l(| + 1) - J^]P(x) = 0 (6-69) 

In Eq. 6-69 we have used the fact that B = l(l + l)(Cf. Eq. 6-60). Equation 6- 
69 for P( X ) is called Legendre's equation and is a well-known equation in 
classical physics. It occurs in a variety of problems that are formulated in 
spherical coordinates. When the power series method of solution is 
applied to Eq. 6-69, the series must be truncated in order that the 
solutions be finite at x = ±1. It is this truncation that yields Eq. 6-60. The 
solutions to Eq. 6-69 when m = 0 are called Legendre polynomials and are 
denoted by P|(x). Legendre polynomials arise in a number of physical 
problems. The first few Legendre polynomials are given in Table 6-1 
Table 6-1 

The First Few Legendre Polynomials, Which Are the Solutions to Eq. 6-69 
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with m = 0. The Subscript Indexing the Legendre Polynomials Is the Value 
of I in Eq. 6-69. 



PO (x) = 1 
P1 (x) » x 
P2 (x) = 1/2 (3x2-1) 
P3 (x) = 1/2 (5x3-3x) 
P4 (x) = 1/8 (35x4-30x2+3) 



0 Notice from Table 6-1 that P|(x) is an even function if I is even and an odd 
function if I is odd. The factors in front of the Pi(x) are chosen such that 

P| (1) - 1. In addition, although we shall not prove it, it can be shown 
generally that the P^x) in Table 6-1 are orthogonal or that 



- 1 

Keep in mind here that the limits on x correspond to the natural, physical 
limits on 9(0 to n) in spherical coordinates because x = cos9. The Legendre 
polynomials are normalized by the general relation, which we simply 



Equation 6-71 shows that the normalization constant of P| (x) is 
[(21 +1)/2]1/2. 

Although the Legendre polynomials arise only in the case m = 0, they 
are customarily studied first because the solutions for the m * Ocase, 
called associated Legendre functions, are defined in terms of the ordinary 
Legendre functions. If we denote the associated Legendre polynomial by 
p l (x) , then their defining relation is 




(6-70) 



present: 




(6-71) 



Pj '(x) = (l- x 2)|m|/2 




Pt(x) 



(6-72) 



13 



Note that only the magnitude of m is relevant here because the defining 
differential equation, Eq. 6-69, depends on only m2. The first few 
associated Legendre functions are given in Table 6-2. 

Before we go on to discuss a few of the properties of the associated 
Legendre polynomials, let us be sure to realize that it is e and not x that 
is the variable of physical interest. Table 6-2 also lists the associated 
Legendre polynomials in terms of cos 9 and sin 9. Note that the factors 
(1 - x 2 )'/2 in Table 6-2 become sin 9 when the associated Legendre 
functions are expressed in the variable 9. Because x = cos 9, Eqs. 6-70 and 
6-71 are 

r„ r" ^ 

JP, (x)P n (x)dx = Jd9 sin9 P, (cos9)P n (cos9) = ^ (6-73) 
-1 0 
Because the differential volume element in spherical coordinates is 
dx = r2 sin 9 dr d9 d<|>, we see that the factor sin 9 d9, in Eq. 6-73, is the "9 
part" of dt in spherical coordinates. 
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Table 6-2 

I ml 

The First Few Associated Legendre Functions p| (x) 



Pq(x) -1 
0 

P 1 (x) = X = cose 



pJ(x) = V1 - x2 = sine 



0 

P 2 (x) = 1/2(3x2 - 1) = 1/2(3 cos2 e - 1) 

P^x) = 3xV1 - x2 = 3 cose sine 

Pg(x) = 3(1 - x2) = 3 sin2 e 

Pg(x) = 1/2(5x3 - 3x) = 1/2(5 cos3 e - 3 cos 6) 

Pg(x) = 3/2(5x2 - 1)(1 - x 2)i/2 = 3/2(5 co S 2 e - 1)sin e 
2 

P 3 (x) = 15x(1 - x2) = 15 cos e sin2 e 
P3W = 15(1 - X 2)3/2 = 15 sjn 3 e 



The associated Legendre functions satisfy the relation 

1 71 

Jdx P' m, (x) p'^x, = jde sin e p'^cos e) P^'fcos e) 

-1 0 

2 (I + |m|)! 
~(2I + 1 ) (I - |m|)! ^n ( 6 ' 74 ) 

Equation 6-74 can be used to show that the normalization constant of the 
associated Legendre functions is 

m d2L ± rL{\- |m|)h1/2 
Im [ 2 (l+|m|)M ( 6 " 75 ) 

Returning to the original problem now. Eq. 6-46, the Mills orbitals 
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functions are P| (cos e)h m (<|>). By referring to Eqs. 6-59 and 6-75, we see 
that the functions 

are solutions to Eq. 6-46. The Y™(e, <j>) form an orthonormal set 
2n n 

r C m * k 

Jd* de sine Y, (e,*) Y n (e,<» = ^,6 mk (6-77) 
0 

Note that the Y m (e, <>) are orthonormal with respect to sine de d<j> and do 

not just de d<j>. The factor sine de d<|> has a simple physical interpretation. 
The differential volume element in spherical coordinates is r 2 sine dr de 
d<|) If r is a constant, as it is in the case of a radial delta function, and set 
equal to unity for convenience, then the spherical coordinate volume 
element becomes a surface element, dA = sine de d<j>. If this surface 
element is integrated over e and <|>, we obtain 4n, the surface area of a 
sphere of unit radius. Thus, sine de d<t> is an area element on the surface of 

a sphere of unit radius. According to Eq. 6-77, the Y^e, 0) are orthonormal 

over a spherical surface and so are called spherical harmonics. The first 
few spherical harmonics are given in Table 6-3. 
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Table 6-3 

The First Few Spherical Harmonics 

0"(4n)l/2 
c v° / 3 J /2 

Y 1"W cose 

1 " ( 8k ) s,n 9 e 
1 " < 8x > C0S 9 e 

Y 2 = ( ^ )1/2 < 3cos2e - 1 ) 

v 1 , 15 J /2 • 

Y 2 = (g^") sin 8 cos 9 e 

0 Y 2 » (g~^) sin 9 cos 9 e 
Y 2 / 15 1/2 . - 2id» 

Y " 2 ^JAv1/2 . ft -2i<|> 
Y 2 - W Sm 06 



The angular functions of Mills orbitals are spherical harmonics, and 
5 the angular kinetic energy is given as 

Ek-g-yKUl) 1 = 0.1,2,... 

The angular kinetic energy E|< is related to the angular momentum. L, 
by the following relationship: 

Ek= 2l 

0 Thus, L - H Vl(U1) I » 0, 1 , 2, ... 

Mills orbitals are the product of the angular, radial, and time functions 
which are given as follows: 
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M(r. 8, <>, t) = Y(9, <j>) 5(r - r 0 ) e'Wot 
Y(9,(|>) is a function of e im< !> for I * 0. The product e' m< t>e itt >ot = e'(m<|> + o> 0 t) 
is a traveling wave with angular frequency o> 0 . 

The angular frequency can be derived from the angular momentum 
energy as follows: 

1 ; h"2 
E=-lo>2* — l(l + 1) 

0)2= j2-|(| + 1) 

o>= y + 1 ) 

In addition to the spherical harmonics of Table 6-3 
„1/2 -1/2 
Y 1/2 and Y 1/2 , with I = 1/2 

is also a solution to equation 6-46. A Mills orbital of one of these 
functions is a time harmonic spinning charge density function, and it can 
be shown that this Mills orbital always possesses a magnetic moment of 
one Bohr magneton, 13, given as follows: 

where e is the charge and u. is the mass of the electron and h is Planck's 
constant divided by 2n. The angular momentum of these functions is 
distinguished from that of the former solutions by assigning it the 
variable S, the spin angular momentum of the electron which is given as 
follows: 

S = tWs(s + 1) 
S = 1/2 
m s = ±1/2 

And, the angular momentum, L, is defined as orbital angular momentum. 

A sum of independent solutions to Eq. 6-46 is a solution, and the same 
condition applies to the boundary condition for nonradiation. Thus, the 
Mills orbital of the electron is given as the sum of the following 
functions: 
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M(r, e.<t>, t) = Y 17 ! (9. 5(r - r 0 ) e'^t + y^fe, *) 5(r - r 0 ) e't^t 



I s 
where 

*>! = ?Wi(l + 1) I = 0, 1, 2,... 

n , 

©2 = ]-Vs(s+ 1) s = 1/2 

Thus, it is apparent that a Mills orbital is a spherical shell of 
charge/mass density of zero width where the charge/mass is a base 

function defined by Y™s to which is added a component of modulation of 

s 

mass/charge density given by y") where the total charge is e. the charge 

of an electron, and the total mass is n, the mass of the electron. 
(Diagrams of several representative Mills orbitals are given in Figurel.) 
The two components are independent time harmonics which rotate in the 
same or opposite directions. The interaction of the two independent 
components gives rise to spin-orbital coupling. 

It can be demonstrated that the moment of inertia of the orbital 
angular momentum and spin angular momentum are given respectively as 
follows: 

'spin = f" 2 Vs(s + 1) 

'angular = + 1) 

where u is the mass of the electron and r is the radius of the Mills orbital. 
Substitution of this result into the angular f requency relationships gives- 

n 1 ur2 Vl(l + 1) ur2 

s 1 ur2>/s(s + 1) ur2 

The linear velocity is obtained from the angular velocity by the following 
equation: 
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v = r ca 

Thus, the linear velocity of the spin and orbital Mills orbitals is given as 
follows: 

ti 

v = — 

To prove this result is consistent with the boundary condition for 
nonradiation, the wavelength is derived from this result and the boundary 
condition, 2itr = nX; n =1,2,3,... as follows: 

2k co h 
K = X = v = ji r 2v 
1 _ h 
X ~ 2nr27tru.v 
1 _ h 
X ~ X^v 
h 

Position and Energies of Mills Orbitals 
The radius of each Mills orbital can be calculated by equating the 
centripetal force with the other central forces. The forces are as follows: 
15 1.) coulombic attractive force of the positively charged nucleus for 

the negatively charged Mills orbital; 

2. ) an attractive magnetic spin pairing force between two unpaired 

electrons which causes them to be at the force balance at 
the same radius with vectorially opposed spins; thus, the 
20 magnetic moments cancel; 

3. ) a repulsive diamagnetic force between two paired electrons and 

an unpaired electron where the radius of the former is 
unaffected by this force. 
Only the coulombic force is involved in the one electron atom. The 

25 coulombic and the spin-pairing forces are involved in two electron atoms, 
and the coulombic and diamagnetic forces are involved in calculating the 
radius of the third electron of a three electron atom, where the previously 
calculated radius of the inner shell comprising two spin-paired electrons 
is used in the calculation. The orbital energy of any electron can be 

30 calculated from the calculated radius as the energy stored in its electric 
and magnetic fields. (The magnetic field of an electron and the energy 
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stored in the magnetic field of two electrons is given in Appendix IV. A 
magnetic field diagram of an electron is given in Figure 2.) Examples of 
one-, two-, and three-electron atoms are given below which demonstrate 
the said forces. And, it is further demonstrated, in the case of lithium, 
that the sum of the orbital energy and the change in orbital energies of the 
two remaining 5 inner shell electrons following ionization is equal to the 
experimentally determined first ionization energy of lithium. 
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The One- Electron Atom 
uv 2 

centripetal force = -y 

(+ZeH-e) .7p2 
centripetal electrostatic force = v - ; — L ~- = • _ 

47ie 0 r* 4ne 0 r 2 

(obtained by taking the gradient of the electrostatic potential) 
5 We can solve, for the radius of the electron shell by balancing these forces. 

uv 2 _ 7p2 
r ~ 4ne 0 r 2 

The boundary condition is 2nr = nX which gives <o = ; v = rto ; thus, v = 
h2_ 

njir ' When an e'ectron in the ground state absorbs a photon of sufficient 
energy to take it to a new non-radiative state, n = 2, 3, 4, .... force balance 



1 0 must be maintained. This is possible only if we let Z e ff = jj and, 
therefore, 



HVn 2 = Z eff e 2 
r n 4ne 0 r n 2 

The reduction of the charge from Ze to Ze/n is caused by trapping a photon 
in the orbitsphere cavity— a spherical cavity. 
1 5 Therefore, 

4ne 0 nh 2 nao 

The energy stored in the electric field of the orbitsphere. E ele ,is 

nap 0§Q 

1 2n n Z 1 2n n 2 7 2 

E ele - fc) eo J J j E2dv . <-) s 0 J j ^J*^ r2 s in GdrdOd* 



where the electric field.E, is 
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E = 0 ' r<ao:Es 4^' r2a ° 
nap 
Z 

Ze? ft Z2 e 2 



Ze? ft z2 e 2 z 2 

E e'e=o^ F dr = -o^n2 = -nT (2.17714(10)18) J 

OO 
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E ele = -^ 03.589) eV (2) 

Equations (1) and (2) can be used for any one-electron atom. The energies 
for several one-electron atoms are shown in Table 1. 
Table 1 Calculated energies (non-relativistic) and calculated ionization 
5 energies for some one-electron atoms (without realtivistic 

correction). 

Atom Energy (eV)a Ionization Energy (eV) 

H -13.589 13.595 

He+ -54.35 54.587 

10 Li 2+ -122.28 122.45 

Be3+ -217.40 217.71 

B 4+ -339.68 340.22 

C 5 * 489.14 489.98 

N 6 * 665.77 667.03 

15 07+ 869.58 871.39 

a from equation (2) 
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The Two-Electron Atom 
u.v 2 

centripetal force = -j- 

(Z - 1)e 2 

centripetal electrostatic force = - J *= — 

47te 0 r 2 

1 ft 2 , 

centripetal magnetic force = - *S(S + 1 ) 

5 (obtained by taking the gradient of the angular momentum energy) 

Consider two indistinguishable electrons where each is subject to an 
effective nuclear charge of Z-1 due to cancellation of one nuclear charge 
by the other electron. Each electron has a positive spin pairing force for 
the other. The balance of force equations is as follows: 

h 2 

10 Forn = 1, v 2 = ^ 

ur 2 

Hy 2 n 2 (Z - 1)e 2 1 h 2 r— - 

and, 

/ 1 VS(S ± 1K 

r = a °(n- Z (z - D ) o) 

The electrostatic energy is 
15 c (Z - De 2 

The magnetic energy is 

fz lm , 2nn 0 e 2 h 2 

E(magnetic) = — (5) 

(The energy stored in the magnetic field of an electron is derived in 
Appendix IV.) 
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Table II The calculated electrostatic and magnetic energies for 
some two-electron atoms (without relativistic 
corrections). 



Atom 


Atomic 


R(a 0 ) a 


Electrostatic 


Magnetic Total 


Experiment 




Number 




Energy 0 


Energy 0 


Energy 


Ionization 








(eV) 


(eV) 


(eV) 


Energy (eV) 


He 


2 


0.567 


-23.96 


-0.63 


-24.59 


24.587 


Li 


3 


0.356 


-76.41 


-2.54 


-78.95 


75.638 


Be 


4 


0.261 


-156.08 


-6.42 


-162.50 


153.893 


B 


5 


0.207 


-262.94 


-12.96 


-275.90 


259.368 


C 


6 


0.171 


-396.98 


-22.83 


-419.81 


392.077 


N 


7 


0.146 


-558.20 


-36.74 


-594.93 


552.057 


0 


8 


0.127 


-746.59 


-55.35 


-801.95 


739.315 


F 


9 


0.113 


-962.17 


-79.37 • 


•1,041.54 


953.886 



a from equation (3) 
b from equation (4) 
c from equation (5) 
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r = ao 



Three-Electron Atom 
(First Ionization Energy of Lithium) 
From the Li 2+ (see Table 2), it was determined that there are two 
oppositely spin-paired electrons in a shell with the radius 

2 6 

The next electron is added to form a new shell. This is a consequence of a 
repulsive force that exists between the two spin-paired electrons and the 
spin unpaired electron. This repulsive magnetic force arises from the 
phenomenon of diamagnetism involving the magnetic field produced by the 
1 0 outer electron and the two paired electrons of the inner shell. 

(The following calculation is given by Edward Purcell in Electricity 
and Magnetism, p. 370-389. The diamagnetic force of the two paired inner 
shell electrons acting on the outer shell electrons is given as 
-mv 0 Av Av eB eB ft 
r r = 2u = 4^i v ° = jir 0 

1 5 where r, is the radial distance of the first shell from the origin. 
p _ ft eB 
" 4r i H 

The magnetic flux is that supplied by the constant field inside the shell of 
the outer electron and is given by: 
n Hoeh 

B = 3 ; therefore, 
e 2 u 0 



h2 



= Vs(s + 1) 
Vs(s + 1) 



4ur 2 ri 

The radius of the orbital for the outer electron of lithium is calculated by 
equating the centripetal force to the sum of the coulombic and 
25 diamagnetic forces as follows: 
nv2 e 2 • h 2 



~ = . „ 9 - - — 5 — Vs(s + 1 ) 
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10 



15 



20 



v = 



ft2 



and 
e2 



n = a 0 



1 

2 



n2 



nr3 4jie 0 r2 



4ur 2 a 0 



I 

2 



thus. 



-^-Vs(s + 1) 



1 - 



V3/4 



= 2.56 ao 



The energy stored in the electric field is calculated as follows: 

e2 e 2 
t— — = - — —— — = 5.318 eV 
8jie 0 r 8n£o2.56a 0 

The field due to the outer shell electron changes the angular velocities 
of the inner shell electron; however, the magnetic field of the outer 
electron provides a central Lorentzian force which exactly balances the 
change in centripetal force due to the change in angular velocity. Thus, the 
radius of the inner shell is unchanged. Consequently, the electric energy of 
the inner shell is unchanged upon ionization. However, the outer field 
changes the magnetic moments of the inner shell electrons. The change per 
electron is given by Purcell as follows: 

Moeh 



_ -e2 h 2 

B m = . B 
4U 



B = 



ur2* 



where n is the radius of the inner shell and r2 is the radius of the outer 
shell. 



Bm = 



UT2 



Bm = 



e 2 n 2 ^eti 

= Vs(s + 1) 
ett n 



4u r2 2 



Vs(s + 1) 



B m eh74u n2 
^"eh/2u r 2 2 



Vs(s + 1) = ivT^s(s + 1) 



eh 
2u 



r 2 ' 
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10 



15 



20 



25 



1 

2 



a 0 



1 
2 



6 1 



V3/4 



1; - 



^1 3/4 



Multiply the result by two because there are two electrons. 
= V3^0-3556)2 
(2.555)2 
= 0.0167 

We add one and square to get the fractional change in the magnetic energy 
of the inner shell.(because the energy stored in the magnetic field is 
proportional to the magnetic field strength squared). 
(1.0167)2 = 1.0338 

Thus, the change in magnetic energy of the inner shell is 3.382% which is 
given by: 

2.543 eV (0.3382) = .0860 eV 
(Where the magnetic energy of lithium+ appears in Table II.) 
^ionization = 0860 eV + 5.318 eV = 5.4038 eV 

The calculated ionization energy without relativistic correction is 
5.40 eV. 

The experimental ionization energy is 5.392 eV. 

Energy due to Spin Nuclear Interactions 

If the magnetic quantum number of the nucleus is greater than 0, the 
nucleus has a magnetic moment and the magnetic field of the electron can 
interact with the nuclear moment. This interaction is an important 
parameter for structural determinations by electron paramagnetic 
resonance spectroscopy and Mossbauer spectroscopy. The energy of 
interaction is given as follows: 

E = no. B, where u n is the nuclear moment and B is the magnetic flux. 
In the case of an electron, it can be seen from Figure 2 that the flux of an 
electron at the nucleus is uniform and is given in Appendix IV as follows: 

Moeh - a 
B » -j^g* (ir cos 9 - i a sin 9) 
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The magnetic moment of a proton is given as follows: 
eh 

Mp -im7 

where, m p is the mass of the proton. 

When the nuclear moment is aligned with the electron's field e = 0 and the 
energy is given as follows: 
E eh Moeh 
2mp fir 3 

These energies are small. For example the energy of spin-nuclear 
interactions for hydrogen are 1.98 * 10* 5 eV. 

The Nature of the Chemical Bond 

The driving force of molecular bonding is the decrease in the energy 
stored in the electric fields of the participating atoms as a consequence 
of overlap of their Mills orbitals. (The magnetic stored energy is involved 
but is dominated by the electric stored energy.) 

Consider two isolated hydrogen atoms that approach each other along 
the internuclear axis as shown in Figure 3. The electric field of each atom 
is zero for radial distance greater than a 0 , the radius of the Mills orbital 
of the electron. As the Mills orbitals from one atom penetrates the space 
of the other, the electric field components add vectorially. The 
components parallel to the internuclear axis cancel, and the perpendicular 
components add positively. The latter components have a positive 
tangential projection onto the angular vectors of the Mills orbitals in the 
region of overlap. 

The energy stored in the electric fields of the atoms decreases as the 
internuclear distance decreases; however, it reaches a minimum then 
increases rapidly as a function of the internuclear distance. The 
trajectory produces the classic potential well, and the internuclear 
distance is given the geometric calculation in Appendix V as VI a 0 = .748A 
which is the exact experimental value. Thus, molecular bonding is 
demonstrated to result from interactions of the electric fields of atoms 
which minimizes the energy. Starting with the case of the hydrogen 
molecule of Appendix V. consider reducing the total charge of one of the 
Mills orbitals. The internuclear distance increases as the charge 
decreases. In the limit of no charge, the internuclear distance is 2a 0 . This 
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is apparent from the following argument, the addition of an infinitesimal 
amount of charge to the Mills orbital of zero charge produces an 
infinitesimal overlap due to an infinitesimal lowering of the total energy 
Thus, the internuclear distance before the infinitesimal addition was 2ao 
which is the exact experimentally measured distance for the H2+ 
molecule. ' 

Furthermore, it can be shown that the diatomic molecule can be 
approximated by a harmonic oscillator with quantized energy levels given 
as follows: 

Evib = (n + 1/2)hu 0 n- 0.1,2.... 

where n is the reduced mass of the atoms, and k is the spring constant 
which is proportional to the bond strength; therefore, k is proportional to 
the gradient of the function of the bond energy as the internuclear 
distance changes. 

It can also be shown that the rotational energies of a diatomic 
molecule are given as follows 

Erot = hcB(J + 1) J -0,1,2,... 

Selection Rules 

The electrons which are described by Mills orbitals can absorb energy 
and achieve an excited state, and they can lose or emit energy and achieve 
a lower energy state. In the case electromagnetic radiation, energy flow 
is governed by Poynting's theorem 

V • S = -jo)nH • H* + joeE • E* - J*- E 
where the parameters are as follows: 

S is the power; the first term is the rate of change in the stored magnetic 
energy, the second term is the rate of change in the stored electric 
energy, and the third term is the dissipated power. For electromagnetic 
radiation, the ground state is the lowest energy state. The ground state is 
given by the balance of the centripetal and coulombic forces. For the 
hydrogen atom, the radius and energy appear in Table 2 as a 0 and 13.6 eV, 
respectively. The boundary condition for Mills orbitals was given in the 
Mills Orbital Section as 2nr = nX where r = a 0 for n « 1. 

Thus, the absorption or emission of a photon by a hydrogen atom causes 
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the radius to change by an Integer multiple of a 0 . The energy of the photon 
is the difference in energy of the initial and final orbitals where the 
equation for the energies of the orbitals is given in the One Electron Atom 
Section. Photon absorption by an electron creates a standing wave of the 
5 photon's electric and magnetic fields inside of the Mills orbital. These 
fields are solutions to Laplace's equations in three dimensions which are 
spherical harmonic equations. The photon field exists as a standing wave 
where surface currents of the Mills orbital are generated by the said wave 
and are boundary conditions for its existence. The angular momentum and 
1 0 spin angular momentum of all Mills orbitals are given by 
E| = hVl(l + 1) 
and 

E s = tWs(s + 1) . 
respectively. 

1 5 The angular momentum is a vector; thus, it is apparent that the angular 
momentum can change by zero or ±1 during a photon absorption or 
emission event, a transition. Angular momentum must be conserved; 
therefore, the quantum of angular momentum is provided by the photon 
which carries the exact opposite quantum of angular momentum as that 

20 imparted to the Mills orbital. The standing wave of the photon is a 

traveling standing wave where the Mills orbital surface currents, induced 
by the wave, provide one quantum of angular momentum to the Mills 
orbital in the opposite direction to the angular direction of the traveling 
wave. Furthermore, angular momentum is also conserved if the wave does 

25 not travel. In this case, the photon wave can be considered as the 

superposition of two traveling waves rotating in opposite directions with 
the same angular velocity and is analogous to plane polarized light. Thus, 
the selection rules for a photon induced transition of A m . A s = 0, ±1 arise 
naturally (A m is the change in angular momentum, and A s is the change in 

30 spin angular momentum) where a change of zero is the nontraveling wave 
case and a change of 1 is the traveling wave case. This is totally 
consistent with experimentation which demonstrates these rules to be 
correct where the photon carries one or zero quantum of angular 
momentum. Consistently, a transition has a rise time and, consequently, a 

3 5 line width, as is the case in electrodynamics. 
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The standing photon wave has a nonzero electric field at the Mills 
orbital which has a radial component which combined with the induced 
surface currents provided by its tangential electric field cause the 
centripetal and central coulombic forces to be balanced at an integer 
multiple of a 0 . Thus, the standing wave has an effective charge given by 
Cotfr which reduces the coulombic attraction of the nucleus. Because a 
photon can only reduce the coulombic attraction, the ground state, which 
contains no photon field, is the smallest radius possible for photon 
transitions. It will be shown in the Coulombic Annihilation Fusion Section 
that the resonant absorption of energy holes can shrink the radius by 
quantized fractions of a 0 . 

Effects of External Fields 
External magnetic fields align magnetic moments (Bohr magnetons) of 
atoms for those with unpaired electrons, or external magnetic fields 
1 5 effect diamagnetic phenomenon in those materials that do not have 

unpaired electrons. Neither phenomenon affects the boundary conditions 
for nonradiation. 

External electric fields cause a redistribution of the charge density of 
the Mills orbitals, the charge density functions, to create a dipole moment 

20 in the atom or molecule. This phenomenon is polarization. The orbital 
condition 2nr = nX is not violated, so no radiation occurs. 

Electrons can absorb photons from magnetic or electric fields to 
become ionized. This occurs readily in a conductor or superconductor. Mills 
orbitals of electrons are spherically symmetric. As photons are absorbed 

25 the radius expands from the ground state with radius n to nn where n = 

2> 3 As n 9oes to infinity the radius r goes to infinity and the Mills 

orbital becomes a plane wave. The boundary condition for a Mills orbital 
2nr = nX still applies; therefore. X = £ .The plane wave nature of the 

ionized electron is confirmed by double slit experiments that demonstrate 
30 that the resulting interference pattern is consistent with the electron 
traveling through both slits simultaneously and possessing a wavelength 

Metals have electrons as Mills orbitals which individually absorb 
energy in the form of a photon from applied magnetic or electric fields to 
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become ionized to produce individual plane waves which are scattered by 
phonons. There exists many electrons which can absorb the electric or 
magnetic energy to become ionized and propagate as plane waves through 
the material. In the case of superconductors, two electrons are ionized 
5 simultaneously and pair 180° out of phase as a zero phonon event to form 
Cooper pairs which have a low probability of being scattered as they 
propagate. Superconductors are described in detail in the Superconductor 
Section. 

Superconductors 

10 The Mills orbital of an electron is a spherical shell. The shell 

annihilates photons during absorption to trap them as standing waves 
inside the Mills orbital. The radius of the Mills orbital increases as the 
energy stored in the field of the photonic wave increases. Because the 
Mills orbital is a sphere, the orbital approaches a plane wave of charge 

1 5 density as the radius goes to infinity. Thus, an electron becomes a plane 
wave carrying a plane photon wave when it is ionized. Two electrons can 
be ionized simultaneously to create two traveling waves. If they are 
initially oppositely paired in terms of spin and angular momentum, then 
the two electrons with their accompanying photonic waves may add 

20 destructively. (180° out of phase, as plane waves when they are 

simultaneously ionized). This event occurs with no excitation of a phonon 
(lattice vibration). That is it must be a zero phonon event because phonons 
change the relative phases of the plane waves and exchange energy with 
the photonic fields. 

25 These paired Mills orbital plane waves, which are 180° out of phase, 
carry the supercurrent in superconductors, and are known as Cooper pairs. 
They possess a low phonon interaction cross section for dephasing and 
breaking in the superconductor. Breaking the pairs requires the 
simultaneous absorption by the pair of anti-symmetric phonons. This is 

30 the boundary condition because Cooper pair creation was a zero phonon 
event; thus, anti-symmetric phonons must simultaneously be absorbed to 
break the Cooper pairs to conserve angular and linear momentum of the 
entire system-Cooper pair plus phonons (lattice distortions). 

Thus, it is apparent that a superconductor with a high transition 

3 5 temperature is a material with the following properties: 

1.) a large population of atoms with electrons which can 
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readily absorb energy from an electric or magnetic field to 
become ionized in such a fashion that they can participate 
in Cooper pair formation 
2.) a low population of phonons at high temperatures 
5 3.) a low population of phonons of sufficient energy to break 

; Cooper pairs at high temperatures 
4.) a low population or low probability ofopposite symmetry 
phonons of energy sufficient to break Cooper pairs. 
Materials that contain atoms of transition elements satisfy condition 
10 1. Materials which contain one of two dimensional lattices with strong 
bond energies satisfy conditions 2 and 3. Ceramics are materials of 
condition 2. Materials which contain one or two dimensional lattices with 
mixed valency or all different atoms in the unit well satisfy condition 4. 
The ideal unit cell is 
15 A 

D M B, where M is a transition metal and A, B, C, and D are 

6 

different atoms or different oxidation states of the same or different 
atoms. Perovskite superconductors such as (Ba, Sr, Y) x La2-x Cu0 4 are 

20 examples of materials which contain all of the said parameters. 

Coulombic Annihilation Fusion 
It was demonstrated in the Selection Rules Section that resonant 
photon absorption can only increase the radius of a Mills orbital. For 
resonant photon absorption, the ground state has the smallest radius 

25 possible. For the hydrogen, atom the radius of the ground state Mills 

orbital is given in Table 1 as a 0 . This orbital contains no photonic waves, 
and the outward centripetal force and the inward coulombic force of the 
electron exactly balance. The relationship is as follows: 

MX? e? h 
a = A 0 ~ where v = — 
a© 4n£ 0 a 0 pao 

30 It is apparent from this relationship that the radius would decrease if 
the velocity were somehow decreased. To decrease the velocity, energy 
must be removed which is equivalent to the absorption of an energy hole 
by the electron. When energy is removed the Mills orbital will decrease to 
another allowed state where the boundary condition, 2nr = nX, and the 

35 force balance is met. 



Thus, it can be demonstrated, as appears in Appendix VI, that the 
absorption of an energy hole with concomitant shrinkage of the radius of 
the Mills orbital is a resonant process with quantum numbers. The 
resonance "shrinkage" energy given in Appendix VI for the hydrogen atom 

is n/2 27.21 eV where n « 2, 3 and the radius shrinkage is a 0 ( — - — ) 

where ni is the quantum integer of the initial orbital and n2 is the 
quantum integer of the final orbital of a radius shrinkage transition. 

The electrons in deuterium atoms are described by Mills orbitals which 
satisfy the boundary condition 2*r = nX, and possess no space-time Fourier 
components synchronous with waves traveling at the speed of light; thus, 
they do not radiate. The electric field of the Mills orbital of a deuterium 
atom is that of a point charge at the origin for radial distances greater 
than the orbital radius. For these distances, the field of the Mills orbital 
exactly cancels the field of the proton which is also that of a point charge 
at the origin. The electric field of a Mills orbital is zero inside the 
orbital; thus, the electric field inside the orbital of the deuterium atom is 
the point charge field of the proton. It was demonstrated in the Nature of 
the Chemical Bond Section that chemical bonding was due to this feature 
of electric fields of Mills orbitals where the total energy of the electric 
fields of the participating atoms was minimized when the internuclear 
distance is V2 times the radius of the Mills orbital. And, this feature 
together with resonant shrinkage of the Mills orbitals is the basis of 
"cold fusion" of deuterium, Coulombic Annihilation Fusion, the present 
invention. Coulombic repulsions of the nuclei prevent them from 
approaching sufficiently for the strong nuclear force to dominate and for 
fusion to occur. However, outside of the Mills orbital of a deuterium atom 
there is no electric field; thus, for each of two deuterium atoms, when the 
Mills orbital is sufficiently decreased by the resonant absorption by 
energy holes, the internuclear distance of two deuterium atoms becomes 
the distance at which the attractive strong nuclear force dominates the 
repulsive coulombic force, and fusion of deuterium to helium and tritium 
occurs with the release of 931 MeV/amu. The mass change for fusion of 
deuterium is 0.03 amu; therefore 28 MeV/atom of energy is released. 

It is demonstrated in Appendix VI that the radius of the Mills orbital 
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of the deuterium atom will decrease by ao ( ~ - ~ ) when an energy hole 

of energy equal to n/2 27.21 eV; n = 2, 3, 4 is resonantly absorbed. With 

continued resonance shrinkage-absorption of energy holes-by the atom, 
the Mills orbital shrinks to small dimensions, and when approximately 100 
5 KeV of energy holes have been absorbed the radius is sufficiently small 
that the deuterium atom will fuse with another atom of deuterium with a 
similar dimension of its Mills orbital. 

A catalystic system to produce energy holes of 27.21 eV is a preferred 
embodiment of the present invention. For such a system the population of 
1 0 energy holes is not exhausted because they are regenerated. 

Palladium 2+ an cJ lithium+ is such a system. The catalytic cycle which 
affects the quantized decrease in the radius of the Mills orbital of the 
deuterium atom is as follows: 

27.54 eV + Li- + Pd?* + 2 H [^] -> Li + Pd*+ + 2 f{^^ ] + [<p + 1)2 - n 2] x 13.6 eV 

15 Li + Pd 3+ = Li + + Pd 2 + + 27.54 eV 

Overall reaction 

2l {p] -* 2H [(?TT)] + Kp + l) 2 - P 2]x 13.6 eV 

where p = 1 , 2, 3 

The Palladium lithium system involves three species. The rate of the 
20 resonance shrinkage can be increased by reducing the number of species to 
two. Titanium, r ubidium , or argon are effective catalysts. The catalytic 
reactions are as follows: 

27.491 eV + Ti2 + + 2 H [^] _ Ti3+ + e - + 2 h[^ T j] + [(p + 1)2 - p 2] x i 3 . 6 eV 

Ti3+ + e~ -> Ti 2 + + 27.491 eV 

25 (8.8) 
And, the overall reaction is 

2l {p] -* '"[(FTl)] + Kp + I) 2 - P 2]x 13.6 eV 
where the ionization energy, Ej 0 n, for Ti2+ is 27.491 eV; p is a integer 
27.491 eV + Rb* + 2 H [^ ] _ Rb 2 + + e - + ] + Kp + 1)2 - p2j x 13.6 eV 

30 Rb 2 + +e~ Rb + + 27.28 eV 

Overall reaction 
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2H [p] -» H^pTl)] + KP + D 2 -P 2 ]xl3.6eV 
where the ionization energy, Ej 0 n. for Rb+ is 27.28 eV 
27.63 eV+ Ar+ + 2h[^ ] -> Ax 2+ + e" + ^(j^j) ] + Kp + l) 2 - p 2 ] x 13.6 eV 

Ar 2+ + e" -» Ar+ + 27.63 eV 

5 Overall reaction 

where the ionization energy, Ejon, for Ar+ is 27.629 eV. 
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The present invention comprises a source of energy holes of 
approximately 27 eV to resonantly shrink the Mills orbitals of deuterium 
atoms, including a source of said holes produced by further 
electrochemical reactions or chemical, photochemical, thermal, free 
radical, sonic, or nuclear reactions or inelastic particles, or photon 
scattering reactions. The closer the energy of the hole is to the quantum 

of 27.21 eV or the quanta of y 27.21 eV; n = 2, 3, 4,..., the greater the rate 

of reaction because phonons ortranslational or rotational modes do not 
have to be simultaneously excited to match the resonant shrinkage energy. 
Table 3 is a table of ionization energies as given in Chemical Structure 
and Bonding, Rodger L DeKock and Harry P. Gray, the Benjamim Cummings 
Publishing Company, Menlo Park, CA, (1980), pp. 76-77 which is 
incorporated by reference. Electrochemical couples with ionization energy 
differences of approximately 27 eV can catalyze the removal of energy 
from the electrons of deuterium and/or tritium atoms and molecules and 
catalyze cold fusion of deuterium and/or tritium. 
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Representative electrochemical couples which generate energy holes 
of approximately 27 eV appear in Table 4, and some catalytic couples 
comprising single elements which are cations, neutral, or anions and 
single molecules which are cations, anions, or neutral or combinations of 
the said species-reactants are also found in Table 4. For n = 2, the 
resonance energy is 27.21; for n = 16 the resonance energy is 217.68 eV; 
for n = 54, the resonance energy is 734.67 eV. 
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Table 4. Representative Electrochemical couples that 

catalytically produce energy holes of 27 eV to shrink 
deuterium atoms. 





F lortrrtrhomira 1 
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Energy 
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1 5 
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Pb2+ 


31.937 


27.596 




K+ 


4.341 






Ge2+ 


34.22 


27.34 




Nb+ 


6.88 





Many others exist and are given in the above referenced Table 3 of 
25 ionization energies. 
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Table 4. 
(con't) 



10 



15 



Some representative single-ions capable of producing 
energy holes for shrinking deuterium atoms. The number 
following the atomic symbol, (n), is the nth ionization 
energy of the atom. That is for example, Ti 2+ + 27.49 eV 
= Ti3+ + e*. 



ftic Ion 


n 


nth Ionization Energy 


At 2+ 


3 


28.45 


Ar 1 + 


2 


27.63 


Ti 2+ 


3 


27.49 


As 2+ 


3 


28.35 


Rb 1+ 


2 


27.28 


Mo 2+ 


3 


27.16 


Ru 2+ 


3 


28.47 


In 2+ 


3 


28.03 


Te 2+ 


3 


27.96 



Table 4. Some representative two-ion couples capable of 

(con't) producing energy holes for shrinking deuterium atoms. 
The number following the ion, (n) r is the nth ionization 
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= Pd 3 + + e- 


and Li+ + e" = 


Li + 


5.39 eV. 
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TL A 

Th 1 + 


1 


6.10 


28.24 


Pa 1 + 


1 


5.90 


28.44 


1 1 A 

u u 


1 


6.05 


28.29 


11 A 

Np 1 + 


1 


6.20 


28.14 


Pu 1 + 


1 


6.06 


28.28 


Am 1 + 


1 


5.99 


28.35 


Cm 1 + 


1 


6.02 


28.32 


Bk 1 + 


1 


6.23 


28.11 


Of 1 + 


1 


6.30 


28.04 


tS 1 + 


1 


6.42 


27.92 


In 4 + 




54.00 


27.50 


Nb 1 + 




6.88 


27.95 


Nb 1 + 




6.88 


27.32 


Nb2 + 


2 


14.32 


27.08 


Nb2 + 


2 


14.32 


28.28 


Nb2 + 


2 


14.32 


27.18 
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Ho 3 + 
Er 3 + 
Tm 3 + 
Pb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Mo 7 + 
Ag2 + 
Hg2 + 
Sb3 + 
Gd3 + 
Yb3 + 
Mo 3 + 
Mo 3 + 
Mo3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 



4 
4 
4 
4 
4 
'4 
4 
4 
4 
4 
4 
4 



8 



4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



42.50 
42.60 
42.70 
42.32 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
50.55 
50.55 
50.55 
50.55 
50.55 
50.55 
50.55 
153.00 
34.83 
. 34.20 
44.20 
44.00 
43.70 
46.40 
46.40 
46.40 
46.40 
46.40 
46.40 
46.40 



Nb2 + 
Nb2 + 
Nb2 + 
Nb2 + 
I 1 + 
Ba2 + 
La 2 + 
Ce2 + 
Pr 2 + 
Nd2 + 
Pm 2 + 
Sm 2 + 
Eu2 + 
Hg1 + 
Rn 1 + 
Ra2 + 
Nd3 + 
Pm 3 + 
Sm 3 + 
Dy3 + 
Ho 3 + 
Er 3 + 
Hf 3 + 
Nb7 + 
Mo 1 + 
Mo 1 + 
Mo 2 + 
Mo 2 + 
Mo 2 + 
Rh2 + 
In 2 + 
Te 2 + 
I 2 + 
La 3 + 
Pt 2 + 
Hg2 + 



2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

2 

3 

3 

3 

3 

3 

3 

3 

7 

1 

1 

2 

2 

2 

2 

2 

2 

2 

3 

2 

2 



14.32 
14.32 
14.32 
14.32 
10.45 
10.00 
11.06 
10.85 
10.55 
10.73 
10.90 
11.07 
11.24 
10.44 
10.75 
10.15 
22.10 
22.30 
23.40 
22.80 
22.84 
22.74 
23.30 
125.00 
7.10 
7.10 
16.15 
16.15 
16.15 
18.08 
18.87 
18.60 
19.13 
19.18 
18.56 
18.76 



28.18 

28.28 

28.38 

28.00 

27.85 

28.30 

27.24 

27.45 

27.75 

27.57 

27.40 

27.23 

27.06 

27.86 

27.55 

28.15 

28.45 

28.25 

27.15 

27.75 

27.71 

27.81 

27.25 

28.00 

27.73 

27.10 

28.05 

27.85 

27.55 

28.32 

27.53 

27.80 

27.27 

27.22 

27.84 

27.64 





Mo 4 + 


5 


61.20 




Mo 4 + 


5 


61.20 




Mo 4 + 


5 


61.20 




Bi 5 + 


6 


88.30 


5 


Mo 5 + 


6 


68.00 




Mo 5 + 


; 6 


68.00 




Mo 5 + 


6 


68.00 




Ag2 + 


3 


34.83 




Eu3 + 


4 


42.60 


10 


Ho 3 + 


4 


42.50 




Er 3 + 


4 


42.60 




Tm 3 + 


4 


42.70 




Yb3 + 


4 


43.70 




Pb3 + 


4 


42.32 


15 


Ag 2 + 


3 


34.83 




Sb3 + 


4 


44.20 




Gd3 + 


4 


44.00 




Lu 3 + 


4 


45.19 




Sb4 + 


5 


56.00 


20 


Bi 4 + 


5 


56.00 




Ag2 + 


3 


34.83 




Lu 3 + 


4 


45.19 




Bi 3 + 


4 


45.30 




Te 4 + 


5 


58.75 


25 


Rh2 + 


3 


31.06 




Ce3 + 


4 


36.76 




Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 


30 


Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 




Pd2 + 


3 


32.93 


35 


Pd 2 + 


3 


32.93 




Pd 2 + 


3 


32.93 



Pd3 + 


3 


32.93 


28.27 


I 3 + 


3 


33.00 


28.20 


Hf 4 + 


4 


33.33 


27.87 


Mo 5 + 


5 


61.20 


27.10 


Sn 4 + 


4 


40.73 


27.27 


Nd4 + 


4 


40.41 


27.59 


Tb 4 + 


4 


39.80 


28.20 


Tc 1 + 


1 


7.28 


27.55 


Tc 2 + 


2 


15.26 


27.34 


Tc 2 + 


2 


15.26 


27.24 


Tc 2 + 


2 


15.26 


27.34 


Tc 2 + 


2 


15.26 


27.44 


Tc 2 + 


2 


15.26 


28.44 


Tc 2 + 


2 


15.26 


27.06 


Ru 1 + 


1 


7.37 


27.46 


Ru 2 + 


2 


16.76 


27.44 


Ru 2 + 


2 


16.76 


27.24 


Ru 2 + 


2 


16.76 


28.43 


Ru 3 + 


3 


28.47 


27.53 


Ru 3 + 


3 


28.47 


27.53 


Rh 1 + 


1 


7.46 


27.37 


Rh 2 + 


2 


18.08 


27.11 


Rh2 + 


2 


18.08 


27.22 


Rh 3 + 


3 


31.06 


27.69 


Cs 1 + 


1 


3.89 


27.17 


Pd 1 + 


1 


8.34 


28.42 


In 1 + 


1 


5.79 


27.14 


Ba 1 + 


1 


5.21 


27.72 


La 1 + 


1 


5.58 


27.35 


Ce 1 + 


1 


5.47 


27.46 


Pr 1 + 




5.42 


27.51 


Nd 1 + 




5.49 


27.44 


Pm 1 + 




5.55 


27.38 


Sm 1 + 




5.63 


27.30 


Eu 1 + 




5.67 


27.26 


Tb 1 + 




5.85 


27.08 
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Pri ? + 

t \J C T 


q 


9,9 OO 


Dy 1 + 


1 


5.93 


27.00 


Pri ? 4. 


q 


oo no 


Lu 1 + 


1 


5.43 


27.50 


Pd 2 + 


q 


OO QQ 


Ra 1 + 


1 


5.28 


27.65 


Pri ? + 


q 


OO QO 


A _ 4 

Ac 1 + 


1 


5.20 


27:73 


Pri ? a. 
9 u <i + 


q 


oo no 


Pa 1 + 


1 


5.90 


27.03 


An 9 a 

Mg c +. 


■j q 


O A oo 

34.83 


A 4 

Ag 1 + 


1 


7.58 


27.25 


Ucl o + 




49.95 


A ^% 

Ag 2 + 




21.49 


28.46 


An 9 i 
My 4i + 


o 


O A O O 

34.83 


Ag 1 + 


1 


7.58 


27.25 


An 9 _l 


3 


34.83 


Sn 1 + 


1 


7.34 


27.49 


An 9 ■ 

Ag d + 


3 


34.83 


Hf 1 + 


1 


6.60 


28.23 


An 9 i 
Mg d + 


o 
o 


O A OO 

34.83 


Pb 1 + 


1 


7.42 


27.41 


Art O i 

Mg d + 


3 


34.83 


Bi 1 + 


1 


7.29 


27.54 


Art O ■ 

Ag + 


3 


34.83 


Es 1 + 


1 


6.42 


28.41 


Prl 9 * 


3 


37.48 


Cd 1 + 


1 


8.99 


28.49 


le 3 + 


4 


37.41 


Cd 1 + 


1 


8.99 


28.42 


Oe 3 + 


4 


36.76 


Cd 1 + 


1 


8.99 


27.76 


oD3 + 


4 


44.20 


Cd2 + 


2 


16.91 


27.29 


bo 3 + 


4 


44.00 


Cd2 + 


2 


16.91 


27.09 


1 ■ ■ o 
LU 3 + 


4 


45.19 


Cd2 + 


2 


16.91 


28.28 


Pi 9 • 


4 


45.30 


Cd 2 + 


2 


16.91 


28.39 


PH 9 . 
VyU <1 + 


o 
O 


37.48 


Cd 1 + 


1 


8.99 


28.49 


PH 9 . 


O 


37.48 


Te 1 + 


1 


9.01 


28.47 


Prl 9 _i 
L/Q 4i -f 


o 
O 


O "7 .4 O 

37.48 


I 1 + 


1 


10.45 


27.03 


ua <i + 


o 
o 


37.48 


Ba 2 + 




10.00 


27.48 


Prl 9 . 


O 

3 


37.48 


Ir 1 + 


1 


9.10 


28.38 


Prl 9 i 

<i + 


o 
O 


O "7 ,4 O 

37.48 


Pt 1 + 


1 


9.00 


28.48 


Pr4 O . 
l/U d + 


3 


37.48 


Au 1 + 


1 


9.23 


28.25 


PH 9 * 
OO *1 + 


3 


O "7 4 O 

37.48 


Hg 1 + 


1 


10.44 


27.04 


ua <i + 


3 


37.48 


Ra 2 + 




10.15 


27.33 


1 9 i 
1 <1 + 


3 


33.00 


In 1 + 


1 


5.79 


27.21 


Hf q . 


>• 

H 


o o oo 


In 1 + 




5.79 


27.54 


Hg2 + 


3 


34.20 


In 1 + 




5.79 


28.41 


Sb4 + 


5 


56.00 


In 3 + 


3 


28.03 


27.97 


Bi 4 + 


5 • 


56.00 


In 3 + 


3 


28.03 


27.97 


In 3 + 


4 


54.00 


Bi 3 + 


3 


25.56 


28.44 


Eu3 + 


4 


42.60 


Sn2 + 


2 


14.63 


27.97 





nO o + 




A o cn 

42.50 




tl O + 


4 


42.60 




1 m J + 


4 


42.70 




rD 3 + 


>• 

4 


42.32 


o 


le 4 + 


5 


58.75 




r D 4 + 


« r- 

"5 


68.80 




on 4 + 


5 


72.28 




On A 

on 4 + 


5 


72.28 




on 4 + 


5 


72.28 


1 0 


oe 3 + 


4 


36.76 




oD 3 + 


4 


44.20 




Ga 3 + 


4 


44.00 




Yd 3 + 


4 


43.70 




Sb 3 + 


4 


44.20 


1 5 


Sb 3 + 


4 


44.20 




Sb 4 + 


5 


56.00 




Te 3 + 


4 


37.41 




Ce 3 + 


4 


36.76 




Bi 4 + 


5 


56.00 




Te 3 + 


4 


37.41 




Te 3 + 


4 


37.41 




Te 3 + 


4 


37.41 




Te 3 + 


4 


37.41 




Te 3 + 


4 


37.41 




Te 3 + 


4 


37.41 




le o + 


6 


70.70 




i e o + 


6 


70.70 




i e o + 


6 


70.70 




Te 5 + 


6 


70.70 




le 5 + 


6 


70.70 




1 2 + 


3 


33.00 




1 2 + 


3 


33.00 




1 2 + 


3 


33.00 




1 2 + 


3 . 


33.00 


35 


1 2 + 


3 


33.00 




1 2 + 


3 


33.00 



on 2 + 


2 


14.63 


27.87 


on 2 + 


2 


14.63 


27.97 


on 2 + 


2 


14.63 


28.07 


Sn 2 + 


2 


14.63 


27.69 


Sn 3 + 


3 


30.50 


28.25 


Sn 4 + 


4 


40.73 


28.07 


Sb 4 + 


4 


44.20 


28.08 


Gd 4 + 


4 


44.00 


28.28 


• * 
Lu 4 + 


4 


45.19 


27.09 


Sb 1 + 


1 


8.64 


28.12 


Sb 2 + 


2 


16.53 


27.67 


Sb 2 + 


2 


16.53 


27.47 


Sb 2 + 


2 


16.53 


27.17 


Sb 2 + 


2 


16.53 


27.67 


Bi 2 + 


2 


16.69 


27.51 


Te 3 + 


3 


27.96 


28.04 


Te 1 + 


1 


9.01 


28.40 


Te 1 + 


1 


9.01 


27.75 


Te 3 + 


3 


27.96 


28.04 


Te 1 + 


1 


9.01 


28.40 


Ba 2 + 


2 


10.00 


27.41 


Ir 1 + 


1 


9.10 


28.31 


Pt 1 + 


1 


9.00 


28.41 


Au 1 + 


1 


9.23 


28.18 


Ra 2 + 


2 


10.15 


27.26 


Eu 4 + 


4 


42.60 


28.10 


HO 4 + 


4 


42.50 


28.20 


fcr 4 + 


4 


42.60 


28.10 


Tm 4 + 


4 


42.70 


28.00 


Pb 4 + 


4 


42.32 


28.38 


Ba 1 + 




5.21 


27.79 


La 1 + 




5.58 


27.42 


Ce 1 + 




5.47 


27.53 


Pr 1 + 




5.42 


27.58 


Nd 1 + 




5.49 


27.51 


Pm 1 + 




5.55 


27.45 
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I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
! 2 + 
I 2 + 
Nd3 + 
Tb3 + 
Xe2 + 
Pb2 + 
Hf 3 + 
Hf 3 + 
Pr 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
Hf 3 + 
Pr 3 + 
Ce3 + 
Ce3 + 
Ce3 + 
Ce3 + 
Ce3 + 
Hf 3 + 
Pr 3 + 
Pr 3 + 
Pr 3 + 
Pr 3 + 
Pr 3 + 



3 
3 
3 
3 
3 
j 3 
3 
3 
3 
4 
4 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

40.41 

39.80 

32.10 

31.94 

33.33 

33.33 

38.98 

49.95 

49.95 

49.95 

49.95 

49.95 

49.95 

49.95 

33.33 

38.98 

36.76 

36.76 

36.76 

36.76 

36,76 

33.33 

38.98 

38.98 

38.98 

38.98 

38.98 



Sm 1 + 
Eu 1 + 
Tb 1 + 
Dy 1 + 
Lu 1 + 
Ra 1 + 
Ac 1 + 
Pa 1 + 
Am 1 + 
Xe1 + 
Xel + 
Cs 1 + 
Cs 1 + 
Ba 1 + 
La 1 + 
La 2 + 
Pr 3 + 
Nd3 + 
Pm 3 + 
Tb 3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Ce 1 + 
Ce2 + 
Os 1 + 
lr 1 + 
Pt 1 + 
Au 1 + 
Po 1 + 
Pr 1 + 
Pr 2 + 
Pr 2 + 
Nd2 + 
Pm 2 + 
Sm 2 + 



2 
3 
3 
3 

3 

3 

3 

3 

1 

2 



2 
2 
2 
2 
2 



5.63 
5.67 
5.85 
5.93 
5.43 
5.28 
5.20 
5.90 
5.99 
12.13 
12.13 
3.89 
3.89 
5.21 
5.58 
11.06 
21.62 
22.10 
22.30 
21.91 
22.80 
22.84 
22.74 
5.47 
10.85 
8.70 
9.10 
9.00 
9.23 
8.42 
5.42 
10.55 
10.55 
10.73 
10.90 
11.07 



27.37 

27.33 

27.15 

27.07 

27.57 

27.72 

27.80 

27.10 

27.01 

28.28 

27.67 

28.21 

28.04 

28.12 

27.75 

27.92 

28.33 

27.85 

27.65 

28.04 

27.15 

27.11 

27.21 

27.86 

28.13 

28.06 

27.66 

27.76 

27.53 

28.34 

27.91 

28.43 

28.43 

28.25 

28.08 

27.91 
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>• 

4 


38.98 


Eu2 + 


2 


11.24 




Dr 1 


4 


38.98 


Tb2 + 


2 


11.52 




Dr o 


4 


38.98 


Dy 2 + 


2 


11.67 




Pr 3 + 


4 


38.98 


Ho 2 + 


2 


11.80 




Dr O 

rr J + 


4 


38.98 


Er 2 + 


2 


11.93 




rr 3 +.. 


< * 

< 4 


38.98 


Rn 1 + 


1 


10.75 




LI* O 

Hf 3 + 


v 4 


33.33 


Nd1 + 


1 


5.49 




Nd 3 + 


4 


40.41 


Gd2 + 


2 


12.09 




Nd 3 + 


4 


40.41 


Er2 + 


2 


11.93 


Nd 3 + 


4 


40.41 


Tm 2 + 


2 


12.05 




Nd 3 + 


4 


40.41 


Yb2 + 


2 


12.18 




Pb 4 + 


5 


68.80 


Nd4 + 


4 


40.41 




1 If o 

Hf 3 + 


4 


33.33 


Pm 1 + 


1 


5.55 


1 £ 


Pm 3 + 


4 


41.10 


Lu 2 + 


2 


13.90 


Pb 4 + 


5 


68.80 


Pm 4 + 


4 


41.10 




Hf 3 + 


4 


33.33 


Sm 1 + 


1 


5.63 




Sm 3 + 


4 


41.40 


Lu 2 + 


2 


13.90 




Pb 4 + 


5 


68.80 


Sm 4 + 


4 


41.40 




Hf 3 + 


4 


33.33 


Eu 1 + 


1 


5.67 


fcu 3 + 


4 


42.60 


Hf 2 + 


2 


14.90 




fcu 3 + 


4 


42.60 


Pb2 + 


2 


15.03 


*" 


I If M 

Hf 3 + 


4 


33.33 


Gd1 + 


1 


6.14 




Hg 2 + 


3 


34.20 


Gd1 + 


1 


6.14 


p ^ 


Tb 3 + 


4 


39.80 


Gd2 + 


2 


12.09 


Gd 3 + 


4 


44.00 


Bi 2 + 


2 


16.69 




1 If r* 

Hf 3 + 


4 


33.33 


Tb 1 + 


1 


5.85 




Hg 2 + 


3 


34.20 


Tb 1 + 


1 


5.85 




Tb 3 + 


4 


39.80 


Tb2 + 


2 


11.52 


o u 


TL O 

Tb 3 + 


4 


39.80 


Tb2 + 


2 


11.52 


Tb 3 + 


4 


39.80 


Dy2 + 


2 


11.67 




ID Jt 


4 


39.80 


Ho 2 + 


2 


11.80 




Tb 3 + 


4 


39.80 


Er 2 + 


2 


11.93 




Tb3 + 


4 


39.80 


Tm2 + 


2 


12.05 ! 


35 


Tb3 + 


4 


39.80 


Yb2 + 


2 


12.18 


Hf 3 + 


4 


33.33 


Dy 1 + 


1 


5.93 




Hg2 + 


3 


34.20 


Dy 1 + 


1 


5.93 



27.74 

27.46 

27.31 

27.18 

27.05 

28.23 

27.84 

28.32 

28.48 

28.36 

28.23 

28.39 

27.78 

27.20 

27.70 

27.70 

27.50 

27.40 

27.66 

27.70 

27.57 

27.19 

28.06 

27.71 

27.31 

27.48 

28.35 

28.28 

28.28 

28.13 

28.00 

27.87 

27.75 

27.62 

27.40 

28.27 



78 



10 



15 



20 



25 



30 



35 



Dy3 + 4 
Pb4+ 5 
Hf 3+ 4 
Hg2+ 3 
Ho 3 + 4 
Ho 3 + M 
Hf 3+ 4 
Hg2+ 3 
Er 3 + 4 
Er3+ 4 
Hf 3+ 4 
Hg2+ 3 
Tm 3 + 4 
Tm 3 + 4 
Hf 3+ 4 
Hg2+ 3 
Yb3+ 4 
Hf 3+ 4 
Pb3+ 4 
Lu 3 + 4 
Hg2+ 3 
Pb3 + 4 
Hf 3 + 4 
Hf 3 + 4 
Hf3+ 4 
Hf 3+ 4 
Hf 3 + 4 
Hf 3+ 4 
Hf 3 + 4 
Hf 3 + 4 
Hf 3+ 4 
Hf 3 + 4 
Hf 3 + 4 
Hf 3 + 4 
Hg2+ 3 
Hg2+ 3 



41.50 
68.80 

• 33.33 
34.20 
42.50 
42.50 
33.33 
34.20 
42.60 
42.60 
33.33 
34.20 
42.70 
42.70 
33.33 
34.20 
43.70 
33.33 
42.32 
45.19 
34.20 
42.32 
33.33 
33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

33.33 

34.20 

34.20 



Lu 2 + 
Dy 4 + 
Ho1 + 
Ho1 + 
Hf 2 + 
Pb2 + 
Er 1 + 
Er 1 + 
Hf 2 + 
Pb2 + 
Tm 1 + 
Tm 1 + 
Hf 2 + 
Pb2 + 
Yb 1 + 
Yb 1 + 
Bi 2 + 
Lu 1 + 
Lu 2 + 
Bi 2 + 
Hf 1 + 
Hf 2 + 
Tl 1 + 
Ra 1 + 
Ac 1 + 
Th 1 + 
Pa 1 + 
U 1 + 
Np 1 + 
Pu 1 + 
Am 1 + 
Cm 1 + 
Bk 1 + 
Cf 1 + 
Tl 1 + 
Th 1 + 



2 

4 

1 

1 

2 

2 

1 

1 

2 

2 

1 

1 

2 

2 

1 

1 

2 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



13.90 

41.50 
6.02 
6.02 

14.90 

15.03 
6.10 
6.10 
14.90 
15.03 
6.18 
6.18 
14.90 
15.03 

6.25 

6.25 
16.69 

5.43 
13.90 
16.69 

6.60 
14.90 

6.11 

5.28 

5.20 

6.10 

5.90 

6.05 

6.20 

6.06 

5.99 

6.02 

6.23 

6.30 

6.11 

6.10 



27.60 

27.30 

27.31 

28.18 

27.60 

27.47 

27.23 

28.10 

27.70 

27.57 

27.15 

28.02 

27.80 

27.67 

27.08 

27.95 

27.01 

27.90 

28.42 

28.50 

27.60 

27.42 

27.22 

28.05 

28.13 

27.23 

27.43 

27.28 

27.13 

27.27 

27.34 

27.31 

27.10 

27.03 

28.09 

28.10 
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Hg2 + 


3 


34.20 


Pa 1 + 


1 


5.90 


28.30 


Hg2 + 


3 


34.20 


U 1 + 


1 


6.05 


28.15 


Hg2 + 


3 


34.20 


Np 1 + 


1 


6.20 


28.00 


Hg2 + 


3 


34.20 


Pu 1 + 


1 


6.06 


28.14 


Hg2 + 


3 


34.20 


Am 1 + 


1 


5.99 


28.21 


Hg 2 + . 


s 3 


34.20 


Cm 1 + 




6.02 


28.18 


Hg2 + 


3 


34.20 


Bk 1 + 




6.23 


27.97 


Hg2 + 


3 


34.20 


CM + 




6.30 


27.90 


Hg2 + 


3 


34.20 


Es 1 + 




6.42 


27.78 


Pb3 + 


4 


42.32 


Pb2 + 


2 


15.03 


27.29 


Pb3 + 


4 


42.32 


Pb2 + 


2 


15.03 


27.29 



n = 



16 (resonance shrinkage energy is given by j 27.21 eV; with n = 16, the 
resonance shrinkage energy is 217.68) 



Atom 


n 


nth Ion- 


Atom 


n 


nth Ion- 


Energy 


Oxidiz- 




ization 


Reduced 




ization 


Hole 


ed 




Energy 






Energy 


(eV) 


Ne 7 + 




(eV) 






(eV) 




8 


239.09 


He 1 + 


1 


24.59 


214.50 


Al 6 + 


7 


241.43 


He 1 + 


1 


24.59 


216.84 


Mg 6 + 


7 


224.94 


Li 1 + 


1 


5.39 


219.55 


P 5 + 


6 


220.43 


Li 1 + 


1 


5.39 


215.04 


B 4 + 


5 


340.22 


Li 3 + 


3 


122.45 


217.77 


Mg 6 + 


7 


224.94 


Be 1 + 


1 


9.32 


215.62 


Ne7 + 


8 


239.09 


Be 2 + 


2 


18.21 


220.88 


Mg 6 + 


7 


224.94 


B 1 + 


1 


8.30 


216.64 


Al 6 + 


7 


241.43 


B 2 + 


2 


25.15 


216.28 


B 3 + 


4 


259.37 


Ne2 + 


2 


40.96 


218.41 


B 3 + 


4 


259.37 


Si 4 + 


4 


45.14 


214.23 


B 3 + 


4 


259.37 


CI 3 + 


3 


39.61 


219.76 


B 3 + 


4 


259.37 


Ar 3 + 


3 


40.74 


218.63 


B 3 + 


4 


259.37 


Ti 4 + 


4 


43.27 


216.10 


B 3 + 


4 


259.37 


Zn 3 + 


3 


39.72 


219.65 


B 3 + 


4 


259.37 


Se 4 + 


4 


42.94 


216.42 


B 3 + 


4 


259.37 


Rb3 + 


3 • 


40.00 


219.37 


B 3 + 


4 


259.37 


Sr 3 + 


3 


43.60 


215.77 
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B 3 + 


4 


259 17 


on n + 


A 
H 


A n 70 

4U. / J 


218.63 


B 3 + 


4 


P5Q T7 


Qh 4 i 


A 
H 


A A OA 

44.20 


215.17 


B 3 + 


4 


P^Q T7 


Or A i 
r 1 4 + 


A 
4 


O o d o 

38.98 


220.39 


R 3 + 


4 


pcq q7 


fMu 4 + 


4 


40.41 


218.96 


B 3 + 


4 


P5Q ^7 


Dm A 

r m 4 + 


A 

4 


41 .10 


218.27 


B 3 + 




pcq q7 


OfT) 4 + 


4 


41 .40 


217.97 


B 3 + 


4 


pcq q7 


Cn A • 

tU 4 + 


4 


42.60 


216.77 


B 3 + 


4 


pcq q7 


riri A . 
oO 4 + 


4 


A a r\ rs 

44.00 


215.37 


B 3 + 


4 


pcq q7 


TU /i , 

1 D 4 + 


4 


39.80 


219.57 


B 1 + 


4 




uy 4 + 


4 


41.50 


217.87 




4 


OCO Q7 


HO 4 + 


4 


42.50 


216.87 


R q . 


*♦ 


259.3/ 


Er 4 + 


4 


42.60 


216.77 


DO. 
D O + 


/I 

4 


ocn 0*7 
259.37 


Tm 4 + 


4 


42.70 


216.67 


DO, 
D O + 


4 


259.37 


Yb 4 + 


4 


43.70 


215.67 


R q , 


>i 
4 


259.37 


Lu 4 + 


4 


45.19 


214.18 


R q i 


vi 
<+ 


O CO 0~7 

259.3/ 


Pb 4 + 


4 


42.32 


217.05 


R q , 


A 
*f 


OCO 07 

259. J / 


Bi 4 + 


4 


45.30 


214.07 


R 4 i 


D 


J4U.22 


Ne 5 + 


5 


126.21 


214.01 


R 4 . 


c 
D 


o4U.22 


A 1 A 

Al 4 + 


4 


1 19.99 


220.23 


R A , 


c 
O 


Q/in oo 


Ar 7 + 


7 


124.32 


215.90 


R 4 , 


c 
O 


o a n oo 
o4U.22 


Ti 6 + 


6 


1 19.36 


220.86 




c 

o 


Q/! n oo 


Mn 7 + 


7 


1 19.27 


220.95 


R 4 , 


c 
o 


q A n oo 


Fe 7 + 


7 


125.00 


215.22 


R 4 . 


C 


o/n oo 


Kr 8 + 


8 


1 26.00 


214.22 


B 4 + 


c 


o/n oo 


br 8 + 


8 


122.30 


217.92 


B 4 + 


C 
\J 


iah oo 


ND / + 


— T 

7 


1 25.00 


215.22 


Ne 7 + 


Q 
O 


P9Q HQ 


r> o . 
U 2 + 


2 


24.33 


214.71 


Al 6 + 


7 


04 1 4^ 


O 2 + 


2 


24.38 


217.05 


Na 7 + 


Q 
O 


0R4 1 fl 


U 3 + 


3 


47.89 


216.29 


Mo 7 + 


Q 
O 




O 3 + 


3 


47.89 


218.01 


P 6 + 


7 


PR^ PP 


p o . 


3 


47.89 


215.33 


Al 7 + 


8 


284.59 


C 4 + 


4 


64.49 


220.10 


S 6 + 


7 


280.93 


C 4 + 


4 


64.49 


216.44 


C 4 + 


5 . 


392.08 


Na6 + 


6 


172.15 


219.93 


C 4 + 


5 


392.08 


V 8 + 


8 


173.70 


218.38 


C 4 + 


5 


392.08 


Zn 8 + 


8 


174.00 


218.08 
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Hg2 + 


3 


34 20 


■ C* 1 T 1 


c on 


28.30 


Hg2 + 


3 


34.20 


II 1x 1 

WIT 1 


d.ud 


28.15 


Hg2 + 


3 


34.20 


No 1 + 1 


ft on 


28.00 


Hg2 + 


3 


34.20 


Pu 1 + 1 

1 w 1 T 1 


ft Hft 

o.Uo 


On a a 

28:14 


Hg2 + 


3 


34 20 


Am 1 _l. 1 


o.yy 


28.21 


Hg2 + 


t 3 


34.20 


Cm 1 i 1 

vi ii it 1 


ft no 


28.18 


Hg2 + 


3 


34.20 


Bk1 + 1 


6.23 


27.97 


Hg2 + 


3 


34.20 


Cf 1 + 1 


6.30 


27.90 


Hg2 + 


3 


34.20 


Es 1 + 1 


6.42 


27.78 


Pb3 + 


4 


42.32 


Pb2+ 2 


15.03 


27.29 


Pb3 + 


4 


42.32 


Pb2 + 2 


15.03 


27.29 



n = 16 (resonance shrinkage energy is given by | 27.21 eV; with n = 16. the 
resonance shrinkage energy is 217.68) 
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Oxidiz- 


n 
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Energy 
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Energy 






energy 


(ev) 


Ne7 + 




(eV) 






(eV) 


8 


239.09 


He 1 + 


1 


24.59 


214.50 


Al 6 + 


7 


241.43 


He 1 + 


1 


24.59 


216.84 


Mg 6 + 


7 


224.94 


Li 1 + 


1 


5.39 


219.55 


P 5 + 


6 


220.43 


Li 1 + 


1 


5.39 


215.04 


B 4 + 


5 


340.22 


Li 3 + 


3 


122.45 


217.77 


Mg 6 + 


7 


224.94 


Be 1 + 


1 


9.32 


215.62 


Ne7 + 


8 


239.09 


Be 2 + 


2 


18.21 


220.88 


Mg 6 + 


7 


224.94 


B 1 + 


1 


8.30 


216.64 


Al 6 + 


7 


241.43 


B 2 + 


2 


25.15 


216.28 


B 3 + 


4 


259.37 


Ne2 + 


2 


40.96 


218.41 


B 3 + 


4 


259.37 


Si 4 + 


4 


45.14 


214.23 


B 3 + 


4 


259.37 


CI 3 + 


3 


39.61 


219.76 


B 3 + 


4 


259.37 


Ar 3 + 


3 


40.74 


218.63 


B 3 + 


4 


259.37 


Ti 4 + 


4 


43.27 


216.10 


B 3 + 


4 


259.37 


Zn3 + 


3 


39.72 


219.65 


B 3 + 


4 


259.37 


Se4 + 


4 


42.94 


216.42 


B 3 + 


4 


259.37 


Rb3 + 


3 


40.00 


219.37 


B 3 + 


4 


259.37 


Sr 3 + 


3 


43.60 


215.77 





Si 6 + 


7 


246 5? 




Na 7 + 


ft 


2G4 18 




Ma 7 + 


8 


265 90 




P 6 + 


7 


2R3 99 


5 


S 7 + 


8 


328 23 




F 7 + 




953 8Q 




S 6 + 


7 


opn Q3 




Si 7 + 


Q 
O 


303 1 7 




Np 7 a. 


Q 
O 


99Q AA 


1 0 


Al 4. 


7 


c,*\ 1 .4o 




Q c , 

O O T 


7 


oon QQ 




Np 7 -A. 


o 


2oy.uy 




Mp 7 _l 


p 
o 


2jy .uy 




Mo 7 _i_ 
l>iG / + 


Q 

o 


o o a a a 

239.09 


1 5 


Mo 7 
IN© / + 


Q 

o 


o o a on 

239.09 




Mo 7 _l 


Q 

o 


o o n a r» 

239.09 




Mo 7 
IN© / + 


Q 

o 


OOfl A rt 

239.09 




Mo 7 _l 


Q 

o 


239.09 




Mo 7 i 


Q 
O 


oon Art 

239.09 


20 


Mo 7 _i_ 


O 


OQQ rt rt 

239.09 




Mp 7 j. 


Q 
O 


OOfl A A 

239.09 




Mp 7 j. 


D 
O 


OOQ AQ 

23y.09 




Mp 7 -t 


p 

o 


oqo no 

2jy .oy 




Mp 7 j- 


Q 

o 


OQ A AO 

2oy .09 


25 


Mp 7 a. 


p 
o 


OQQ A A 

2oy .uy 




Np 7 -i- 


p 
o 


9QQ AQ 

c. jy .uy 




Np 7 a. 


p 
o 


OQ Q no 

2 jy .uy 




Np 7 a. 


p 
o 


OOQ AQ 

2oy .uy 




Np 7 


p 
o 


OOQ AQ 

23y .uy 


30 


Np 7 -l 


p 
o 


OOQ AQ 

2oy .uy 




Ne 7 + 


8 


239.09 




Ne7 + 


8 


239.09 




Ne7 + 


8 


239.09 




Ne7 + 


8 


239.09 


35 


Ne7 + 


8 


239.09 




Ne7 + 


8 


239.09 



MO, 


p 
c 


pq en 


91 a Q9 

^1 1 o.y c 


N 3 + 


Q 


47 45 


<1 ID./O 


N 3 + 


Q 

v> 


47 45 


^ 1 O.HO 


N 3 + 


Q 

O 


47 45 


91 77 


n 5 4. 




1 1 3 QO 
1 1 0 . 57U 


21 4.33 


n 7 4. 


7 


7^Q 10 


91 Vl C"7 

21 4. o/ 


CO, 


o 
v3 


Q^. / 1 


9 H Q O O 

21 o.22 


P A 4. 

r *f + 


if 


o/. 14 


O H C AO 

21 6.03 


Mo 1 i 
IN6 1 + 


i 

1 


2 1 .Ob 


O H "7 CO 

21 7.53 


IMG I + 


1 


O i CC 
21 .DO 


O H A O "7 

21 9.87 


Ma Q , 


Q 
O 


CO >l c 


O H "7 A O 

21 7.48 


Ma 1 . 


1 


2 1 .56 


O H "7 C O 

217.53 


AID 

AI 2 + 


2 


HO O O 

1 8.83 


220.26 


r 2 + 


2 


■4 rt T O 

19.73 


21 9.36 


o 2 + 


2 


23.33 


21 5.76 


CI 2 + 


2 


23.81 


21 5.28 


Sc 3 + 


3 


24.76 


214.33 


ki: o 


2 


1 8.17 


220.92 


UU 2 + 


2 


o rt rt rt 
20.29 


21 8.80 


ba 2 + 


2 


rt rt C A 

20.51 


rt 4 rt e* r» 

21 8.58 


AS 2 + 


2 


1 8.63 


rt rt rt a 

220.46 


o8 2 + 


2 


OH HA 

21.19 


rt H "7 rt rt 

21 7.90 


Or O i 


2 • 


oh on 
21 .oU 


O H 7 OA 

2l /.29 


f\r ^ + 


2 


OA OC 

24.3b 


O H A "7 O 

21 4. / 3 


V O t 


Q 

o 


OA CO 

2U.D2 


OHO C ~7 

218.57 


7 r o , 
z.r o + 


q 
O 


OO QO 

22. yy 


Ol C HA 

21 b. 1 U 


Mh ^ _l. 


q 
O 


2D.U4 


O H A AC 

214.05 


PH O i 
rU *l + 


2 


HQ A O 
1 9.43 


O H A rt 

21 9.66 


An O ^ 

Ag 2 + 


o 
2 


OH >4 A 

21 .49 


O H "7 rt rt 

21 7.60 


If! + 


O 

2 


H Q 0*7 

lo.o/ 


o o rt o o 

220.22 


Te 2 + 


2 


18.60 


220.49 


1 2 + 


2 


19.13 


219.96 


Xe2 + 


2 


21.21 


217.88 


La 3 + 


3 


19.18 


219.91 


Ce 3 + 


3 


20 20 


218.89 


Pr 3 + 


3 


21.62 


217.47 
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Mo 7 j. 
lit/ / -r 


Q 
O 




Nd 3 + 


3 


22.10 


216.99 


Mo 7 _i_ 
IN© / + 


Q 
O 


239.09 


Pm 3 + 


3 


22.30 


216.79 


rvie / + 


Q 
O 


A O f\ A A 

239.09 


Sm 3 + 


3 


23.40 


215.69 


Ma 7 . 


8 


O A A A 

239.09 


Eu3 + 


3 


24.90 


2t4.19 


Ma "7 . 

Ne 7 + 


8 


239.09 


Gd3 + 


3 


20.63 


218.46 


Ne 7 + 


* A 


239.09 


Tb 3 + 


3 


21.91 


217.18 


Ma 7 . 


8 


239.09 


Dy 3 + 


3 


22.80 


216.29 


Ne / + 


8 


239.09 


Ho 3 + 


3 


22.84 


216.25 


rsie / + 


8 


239.09 


Er 3 + 


3 


22.74 


216.35 


1MB / + 


0 
0 


A A A A A 

239.09 


Tm 3 + 


3 


23.68 


215.41 


Ma "7 . 

roe / + 


8 


239.09 


Yb3 + 


3 


25.03 


214.06 


Ma "7 . 

Ne / + 


8 


239.09 


Lu 3 + 


3 


20.96 


218.13 


M^v 1 

Ne 7 + 


8 


239.09 


Hf 3 + 


3 


23.30 


215.79 


Ne 7 + 


8 


239.09 


Pt 2 + 


2 


18.56 


220.53 


Ne 7 + 


8 


239.09 


Au 2 + 


2 


20.50 


218.59 


Ne 7 + 


8 


239.09 


Hg2 + 


2 


18.76 


220.33 


Ne 7 + 


8 


239.09 


Tl 2 + 


2 


20.43 


218.66 


Mg 6 + 


7 


224.94 


Na 1 + 


1 


5.14 


219.80 




6 


220.43 


Na 1 + 


1 


5.14 


215.29 


Na / + 


8 


264.18 


Na2 + 


2 


47.29 


216.89 


Mg 7 + 


8 


265.90 


Na2 + 


2 


47.29 


218.61 


r 6 + 


7 


263.22 


Na2 + 


2 


47.29 


215.93 


Na 7 + 


8 


264.18 


Na2 + 


2 


47.29 


216.89 


Na 7 + 


8 


264.18 


Si 4 + 


4 


45.14 


219.04 


Kl^ -7 

Na 7 + 


8 


264.18 


S 4 + 


4 


47.30 


216.88 


Na / + 


8 


264.18 


K 3 + 


3 


45.72 


218.46 


Mo 7 , 

iMa / + 


8 


A A A m rs 

264.1 8 


Ti 4 + 


4 


43.27 


220.91 
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0 
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264.1 8 
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4 


46.71 


217.47 


Mo 7 . 


8 
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264.1 8 


Cr 4 + 


4 


49.10 


215.08 


Mo 7 * 


8 


264.18 


Ge4 + 


4 


45.71 


218.47 


Ma 7 -l 


Q 
O 


a r+ a -40 

264.1 8 


As 4 + 


4 


50.13 


214.05 


Na7 + 


8 


264.18 


Br 4 + 


4 


47.30 


216.88 


Na7 + 


8 


264.18 


Sr 3 + 


3 


43.60 


220.58 


Na7 + 


8 


264.18 


Mo 4 + 


4 


46.40 


217.78 


Na7 + 


8 


264.18 


Sb4 + 


4 


44.20 


219.98 


Na7 + 


8 


264.18 


La 4 + 


4 


49.95 


214.23 
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8 


264.18 


Gd4 + 


4 
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8 


264.18 
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4 
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4 
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8 
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4 
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5 
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0 
0 


000 00 
328.23 


Ca 6 + 


Q 7 . 


8 


328.23 


Sc 6 + 




8 


328.23 


Ni 6 + 


O 7 . 

0 7 + 


8 


328.23 


Zn 6 + 


S 7 + 


8 


328.23 


Kr 7 + 


S 7 + 


8 


328.23 


Sb6 + 


CI 7 + 


8 


348.28 


Ca 7 + 


CI 7 + 


8 


348.28 


V 6 + 


CI 7 + 


8 


348.28 


Co 7 + 


CI 7 + 


8 


348.28 


Ni 7 + 


CI 7 + 


8 


348.28 


Zn 7 + 


CI 7 + 


8 


348.28 


As 6 + 


CI 7 + 


8 


348.28 


Y 8 + 



n = 54 (resonance shrinkage energy is given 
resonance shrinkage energy is 734.67) 



Atom 


n 


nth Ion- 


Atom 


Oxidiz- 




ization 


Reduced 


ed 




Energy 
(eV) 




0 6 + 


7 


739.32 


Li 1 + 


F 7 + 


8 


953.89 


Be 4 + 


O 6 + 


7 


739.32 


B 1 + 


O 7 + 


8 


871.39 


O 6 + 


O 6 + 


7 


739.32 


Na 1 + 


0 6 + 


7 


739.32 


Mg 1 + 


0 6 + 


7 


739.32 


Al 1 + 


O 6 + 


7 


739.32 


Si 1 + 


O 6 + 


7 


739.32 


K 1 + 


O 6 + 


7 


739.32 


Ca 1 + 



4 


64.00 


216.93 


5 


63.63 


217.30 


5 


64.70 


216.23 


4 


61.80 


219.13 


5 


61.20 


219.73 


7 


114.19 


214.04 


6 


108.78 


219.45 


6 


111.10 


217.13 


6 


108.00 


220.23 


6 


108.00 


220.23 


7 


11 1.00 


217.23 


6 


108.00 


220.23 


7 


127.70 


220.58 


6 


128.12 


220.16 


7 


129.00 


219.28 


7 


133.00 


215.28 


7 


134.00 


214.28 


6 


127.60 


220.68 


8 


129.00 


219.28 


y 2 


27 21 eV- 


with n — tho 


n 


nth Ion- 


Energy 




ization 


Hole 




Energy 


(eV) 




(eV) 




1 


5.39 


733.92 


4 


217.71 


736.17 


1 


8.30 


731.02 


6 


138.12 


733.27 


1 


5.14 


734.18 


1 


7.65 


731.67 


1 


5.99 


733.33 


1 


8.15 


731.16 


1 


4.34 


734.97 


1 


6.11 


733.20 





0 6 + 


7 


739.32 


Sc 1 + 1 


6.54 


732.78 




0 6 + 


7 


739.32 


Ti 1 + 1 


6.82 


732.49 




0 6 + 


7 


739.32 


V 1 + 1 


6.74 


732.58 




0 6 + 


7 


739.32 


Cr 1 + 1 


6.77 


732.55 


5 


0 6 + 


7 


739.32 


Mn 1 + 1 


7.43 


731.88 




O 6 + 


7 


739.32 


Fe 1 + 1 


7.87 


731.45 




O 6 + 


7 


739.32 


Co 1 + 1 


7.86 


731.46 




O 6 + 


7 


739.32 


Ni 1 + 1 


7.64 


731.68 




0 6 + 


7 


739.32 


Cu 1 + 1 


7.73 


731.59 


10 


0 6 + 


7 


739.32 


Ga 1 + 1 


6.00 


733.32 




O 6 + 


7 


739.32 


Ge 1 + 1 


7.90 


731.42 




O 6 + 


7 


739.32 


Rb 1 + 1 


4.18 


735.14 




O 6 + 


7 


739.32 


Sr 1 + 1 


5.70 


733.62 




0 6 + 


7 


739.32 


Y 1 + 1 


6.38 


732.93 


15 


0 6 + 


7 


739.32 


Zr 1 + 1 


6.84 


732.47 




O 6 + 


7 


739.32 


Nb 1 + 1 


6.88 


732.43 




O 6 + 


7 


739.32 


Mo 1 + 1 


7.10 


732.22 




O 6 + 


7 


739.32 


Tc 1 + 1 


7.28 


732.03 




0 64 


7 


739.32 


Ru 1 + 1 


7.37 


731.95 


20 


0 6 + 


7 


739.32 


Rh 1 + 1 


7.46 


731.85 




O 6 + 


7 


739.32 


Pd 1 + 1 


8.34 


730.97 




0 6 + 


7 


739.32 


Ag 1 + 1 


7.58 


731.74 




O 6 + 


7 


739.32 


Cd 1 + 1 


8.99 


730.32 




O 6 + 


7 


739.32 


In 1 + 1 


5.79 


733.53 


25 


O 6 + 


7 


739.32 


Sn 1 + 1 


7.34 


731.97 




O 6 + 


7 


739.32 


Sb 1 + 1 


8.64 


730.67 




O 6 + 


7 


739.32 


Te 1 + 1 


9.01 


730.31 




O 6 + 


7 


739.32 


Cs 1 + 1 


3.89 


735.42 




0 6 + 


7 


739.32 


Ba 1 + 1 


5.21 


734.10 


30 


O 6 + 


7 


739.32 


La 1 + 1 


5.58 


733.74 




O 6 + 


7 


739.32 


Ce 1 + 1 


5.47 


733.85 




O 6 + 


7 


739.32 


Pr 1 + 1 


5.42 


733.89 




0 6 + 


7 


739.32 


Nd 1 + 1 


5.49 


733.83 




0 6 + 


7 


739.32 


Pm 1 + 1 


5.55 


733.76 


35 


0 6 + 


7 


739.32 


Sm 1 + 1 


5.63 


733.68 




0 6 + 


7 


739.32 


Eu 1 + 1 


5.67 


733.65 
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0 6 + 


7 


739.32 




0 6 + 


7 


739.32 




O 6 + 


7 


739.32 




O 6 + 


7 


739.32 


5 


O 6 + 


7 


739.32 




0 6 + 


;7 


739.32 




O 6 + 


. 7 


739.32 




O 6 + 


7 


739.32 




0 6 + 


7 


739 32 


10 


O 6 + 


7 


739 32 




O 6 + 


7 


739 3? 




O 6 + 


7 
» 


739 3? 




O 6 + 


7 


739 3? 




O 6 + 


7 


739 3? 


15 


O 6 + 


7 


739 32 




O 6 + 


7 


739 32 

I 0*3 .OC 




O 6 + 


7 


739 32 

i Oj . OC 




O 6 + 


7 


739 32 
I ov .oc 




O 6 + 


7 




20 


O 6 + 


7 


739 32 




O 6 + 


7 


739 32 




O 6 + 


7 


739 32 




O 6 + 


7 


739 32 




O 6 + 


7 


739 32 


25 


O 6 + 


7 


739.32 




O 6 + 


7 


739.32 




O 6 + 


7 


739.32 




O 6 + 


7 


739.32 




O 6 + 


7 


739 32 


30 


O 6 + 


7 


739 32 




\J o + 


/ 


7QQ oo 

/ jy . J<: 




O 6 + 


7 


739.32 




O 7 + 


8 


871.39 




O 7 + 


8 


871.39 


35 


O 7 + 


8 


871.39 




0 7 + 


8 


871.39 



Gd 1 + 




6 14 


733 1 7 

1 o o . \ t 


Tb 1 + 


1 


5 85 


73^ Al 


Dy 1 + 


1 


5 93 


/ oo.oy 


Ho 1 + 


1 


6 02 


73^ OQ 


Er 1 + 


1 


6 10 


733 OO 
i oo.cc 


Tm 1 + 


1 


6 18 


733 1 3 


Yb 1 + 


1 


fi 25 


700 np 
/ oo.Ub 


Lu 1 + 


1 


5 43 


733 PQ 


Hf 1 + 


1 


fi RO 


700 70 
/ oc. 1 c 


Ta 1 + 

lu 1 T 




7 ftQ 

/ .oy 


/ 3 1 .4^ 


W 1 + 




7 Qft 


/ 0 1 .34 


Rp 1 + 




7 Aft 


70i ill 

/3 1 .43 






A 7fl 


/ JO. 61 


Ir 1 + 

II 1 -r 




Q 1A 


/30.22 


Pt 1 + 




y .UU 


"7 O O O O 

/30.32 


All 1 -4- 




Q OO. 


730.09 


II i + 




b.ll 


733.21 


• U 1 -r 




7 ylO 

/ .HC 


/31 .90 


Ri 1 + 

U/l 1 ~T 




7 OQ 

/ .^y 


/ 32.03 


Prt 1 X 




A /lO 


/ 30.90 


i ta l 




O.CO 


( 34.04 


Ac 1 + 






1 34.1 1 


Th 1 + 


1 


D. I U 


7 O O OO 

/ 33.22 


Pa 1 + 


1 


^ on 


7 O Q /I -1 

/ 33.41 


U 1 + 


1 


r o^ 


"7 Q Q 07 

/ 33 .ci 


Np 1 + 


1 


R 20 


/ 33. I 1 


Pu 1 + 


1 


fi OR 


/ 33. co 


Am 1 + 


1 


5 99 


/ 33.33 


Cm 1 + 


1 


R 09 
O.VC 


700 on 


Rk 1 + 




R 


/ 33.09 


\si 1 + 




c on 

6.30 


733.02 


Es 1 + 




6.42 


732.90 


0 6 + 


6 


138.12 


733.27 


Na 5 + 


5 


138.39 


733.00 


Mg 5 + 


5 


141.26 


730.13 


Sc 7 + 


7 


138.00 


733.39 
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10 



O 7 + 

O 7 + 

O 7 + 

O 7 + 

O 7 + 

F 7 + 
Two-ion couples 
deuterium atoms 
following the ion, 
example, Ga 2+ + 



8 


871 39 


Ti 7 + 


7 


1 40 ftn 

1 tu.ou 


/ ou.oy 


8 


871.39 


Cu7 + 


7 


139.00 


732.39 


8 


871.39 


Zn7 + 


7 


134.00 


737.39 


8 


871.39 


Rb8 + 


8 


136.00 


735.39 


8 


871.39 


Te7 + 


7 


137.00 


734.39 


8 


953.89 


P 6 + 


6 


220.43 


733.46 



capable of producing energy holes for shrinking 
involving cations and anions. The number in the column 
(n), is the nth ionization energy of the atom. For 
30.71 eV = Ga3+ + e* and H + e" = f-T + 3.08 eV. 



15 



20 



25 



3.0 



35 



Atom 


n 


nth Ion- 


Atom n 


nth Ion- 


Energy 


uxidiz- 




ization 


Reduced 


ization 


Hole 


ed 




r— 

Energy 
(eV) 




Energy 
(eV) 


(eV) 


AS d + 


3 


28.35 


H - 1 


0.80 


27.55 


Dt i O ■ 


3 


28.47 


H - 1 


0.80 


27.67 


in ^ + 


3 


28.03 


H - 1 


0.80 


27.23 


1 Q d. + 


3 


27.96 


H - 1 


0.80 


27.16 


Al + 


3 


28.45 


H - 1 


0.80 


27.65 


Ar 1 i 
Ml I + 




27.63 


H - 1 


0.80 


26.83 


Ac O . 
AS + 


3 


28.35 


Li - 1 


0.61 


27.74 


Ru2 + 


3 


28.47 


Li - 1 


0.61 


27.86 


In 2 + 


3 


28.03 


Li - 1 


0.61 


27.42 


Te2 + 


3 


27.96 


Li - 1 


0.61 


27.35 


Al 2 + 


3 


28.45 


Li - 1 


0.61 


27.84 


Ar 1 + 


2 


27.63 


Li - 1 


0.61 


27.02 


Ti 2 + 


3 


27.49 


Li - 1 


0.61 


26.88 


As 2 + 


3 


28.35 


B - 1 


0.30 


28.05 


Rb1 + 


2 


27.28 


B - 1 


0.30 


26.98 


Mo 2 + 


3 


27.16 


B - 1 


0.30 


26.86 


Ru 2 + 


3 


28.47 


B - 1 


0.30 


28.17 


In 2 + 


3 


28.03 


B - 1 


0.30 


27.73 


Te 2 + 


3 


27.96 


B - 1 


0.30 


27.66 


Al 2 + 


3 


28.45 


B - 1 


0.30 


28.15 


Ar 1 + 


2 


27.63 


B - 1 


0.30 


27.33 


Ti 2 + 


3 


27.49 


B - 1 


0.30 


27.19 
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As 2 + 


3 


28.35 


C 


•1 1.12 


27.23 




Tc 2 + 


3 


29.54 


C 


•1 1.12 


28.42 




Ru 2 + 


3 


28.47 


c 


•1 1.12 


27.35 




In 2 + 


3 


28.03 


c 


-1 1.12 


26.91 


5 


Te 2 + 


3 


27.96 


c 


-1 1.12 


26.84 




N 1 + 


;2 


29.60 


c 


-1 1.12 


28.48 




Al 2 + 


3 


28.45 


c 


-1 1.12 


27 33 




V 2 + 


3 


29 31 


c 


- 1 112 


28 19 






9 


28 35 


o 

V-/ 


- 1 1 47 

1 1 .*T / 


2R RQ 


1 0 


1 w L T 


9 
o 


9Q 54 


o 


- 1 1 47 


9R 07 




Dm O i 

nu c + 


Q 
O 


9ft 47 


o 


. 1 1 47 


97 no 




Tl 9 + 


Q 


9Q ft3 




. 1 1 47 


9R qR 




IN 1 *r 




9Q 60 


n 


- 1 1 47 


9ft 1 4 




Al O , 
nl c. + 


q 


9A 45 


n 


- 1 1 47 


9R Qft 


1 5 


V 2 + 


q 


9Q 31 


n 


* 1 1 ,*t / 


97 ft4 






q 
o 


30 71 


r 


. 1 q 4^ 


97 9R 




ot? c + 


q 


qn R9 


r 


1 q ar 


97 97 






q 


qi nft 


p 
r 


1 9 AR 


97 




on ^ + 


q 


qn ^n 


p 
r 


- 1 J.40 


d f .KjO 


?o 


Ph 9 a 


q 


qi qa 


r 


1 q 4*\ 


9ft AQ 




K 1 + 

r\ i -T* 




31 fi3 


p 
• 


. 1 q 4R 


9ft 1 ft 




Cr 2 + 


3 


30 96 


P 
■ 


- 1 3 4^ 

1 J.HJ 


97 ^1 




Fe 2 


3 


30 65 


P 
■ 


- 1 3 4^ 


97 90 




As 2 + 


3 


28 35 


Mo 
1 > *c* 


- 1 n R9 


97 ft** 


25 


Rti 2 + 


3 


28 47 

Cm \J - *T I 


i >*d 


- 1 C\ R9 


97 QR 




In 2 + 


3 


28 03 


1 >*Cl 


- 1 n Ro 


97 ^1 




Te 2 + 


3 


27 96 


1 »d 




97 44 




Al 2 + 


3 


28 45 


1 >*d 


- 1 n ^9 


97 Q9 




Ar 1 + 


p 
c 


27 R3 


Kh 


. i n *^9 


97 1 1 


30 


Ti 2 + 


3 


27 49 


Kh 


_ 1 n ^9 


9R Q7 




Ac 9 _i_ 


q 


9A q^ 


A 1 

A 1 


i A CO 






Ru 2 + 


3 


28.47 


Al 


- 1 0.52 


27.95 




In 2 + 


3 


28.03 


Al 


- 1 0.52 


27.51 




Te2 + 


3 


27.96 


Al 


- 1 0.52 


27.44 


35 


Al 2 + 


3 


28.45 


Al 


- 1 0.52 


27.93 




Ar 1 + 


2 


27.63 


Al 


- 1 0.52 


27.11 





t; o , 

II c + 


O 
O 


97 ytO 




Ac 9 j. 
Mb t + 


o 


9Q QC 




1 C £ + 


O 


2y.o4 




Dti 9 _* 


o 
o 


28.47 




II c + 


Q 

o 


29.83 






v 2 


29.60 




Al 9 i 


o 
o 


o o i r 

28.45 






3 


29.31 




A O 

AS 2 + 


3 


28.35 


1 0 


Hu 2 + 


3 


28.47 




In O . 

in ^ + 


3 


28.03 




i e 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 


1 D 


Tc 2 + 


3 


29.54 




Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 




K f -4 

N 1 + 


2 


29.60 




P 2 + 


3 


30.18 


9 n 


V 2 + 


3 


29.31 




ba 2 + 


3 


30.71 




be 2 + 


3 


30.82 




Hn 2 + 


3 


31.06 




on 2 + 


3 


30.50 




Ae 2 + 


3 


32.10 




rD 2 + 


3 


31.94 




\S A 

K 1 + 


2 


31.63 




or 2 + 


3 


30.96 




Fe 2 + 


3 


30.65 


o u 


AS 2 + 


3 


28.35 




Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te2 + 


3 


27.96 




Al 2 + 


3 


28.45 


35 


Ar 1 + 


2 


27.63 




As 2 + 


3 


28.35 



A I 


- 1 0.52 


26.97 


o; 

O 1 


i -A OO 

• 1 1.39 


26.96 


O 1 


1 4 OO 

• l 1.39 


28.15 


Q i 
O 1 


A -a r\f\ 

- 1 1.39 


27.08 


O 1 


•4 a\ *%r\ 

- 1 1.39 


28.44 


C i 
Ol 


A a r\ rs 

- 1 1.39 


28.21 


ol 


-1 1.39 


27.06 


Ol 


- 1 1.39 


27.92 


r 


- 1 0.78 


27.57 


P 


- 1 0.78 


27.69 


P 


- 1 0.78 


27.25 


P 


- 1 0.78 


27.18 


P 


- 1 0.78 


27.67 


P 


- 1 0.78 


26.85 


s 


- 1 2.07 


27.47 


s 


- 1 2.07 


28.43 


s 


- 1 2.07 


27.76 


s 


- 1 2.07 


27.53 


s 


- 1 2.07 


28.11 


s 


- 1 2.07 


27.24 


CI 


- 1 3.61 


27.10 


CI 


• 1 3.61 


27.21 


CI 


• 1 3.61 


27.45 


CI 


1 3.61 


26.89 


CI 


1 3.61 


28.49 


CI 


1 3.61 


28.32 


CI 


1 3.61 


28.01 


CI 


1 3.61 


27.35 


CI 


1 3.61 


27.04 


K 


1 0.69 


27.66 


K 


1 0.69 


27.78 


K 


1 0.69 


27.34 


K 


1 0.69 


27.27 


K 


1 0.69 


27.75 


K 


1 0.69 


26.93 


Fe 


1 0.56 


27.79 
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nil c. + 


Q 
O 


28.47 


Fe 


- 1 0.56 


27.91 


in d. + 


Q 


28.03 


Fe 


- 1 0.56 


27.47 


To O jt 
1 8 £ + 


J 


27.96 


Fe 


- 1 0.56 


27.40 


Al d + 


3 


28.45 


Fe 


- 1 0.56 


27.89 


A r i 

Ar 1 + 


2 


27.63 


Fe 


- 1 0.56 


27.07 


II 2 + 


3 


27.49 


Fe 


- 1 0.56 


26.93 


AS 2 + 


3 


28.35 


Co 


- 1 0.95 


27.40 


Ru 2 + 


3 


28.47 


Co 


- 1 0.95 


27.52 


In 2 + 


3 


28.03 


Co 


- 1 0.95 


27.08 


fe 2 + 


3 


27.96 


Co 


- 1 0.95 


27.01 


Al 2 + 


3 


28.45 


Co 


- 1 0.95 


27.49 


V 2 + 


3 


29.31 


Co 


- 1 0.95 


28.36 


Tc 2 + 


3 


29.54 


Cu 


-1 1.82 


27.72 


Tl 2 + 


3 


29.83 


Cu 


-1 1.82 


28.01 


N 1 + 


2 


29.60 


Cu 


-1 1.82 


27.78 


P 2 + 


3 


30.18 


Cu 


-1 1.82 


28.36 


V 2 + 


3 


29.31 


Cu 


-1 1.82 


27.49 


Ga 2 + 


3 


30.71 


Br 


- 1 3.36 


27.35 


Se 2 + 


3 


30.82 


Br 


- 1 3.36 


27.46 


Rh 2 + 


3 


31.06 


Br 


- 1 3.36 


27.70 


Sn 2 + 


3 


30.50 


Br 


- 1 3.36 


27.14 


P 2 + 


3 


30.18 


Br 


• 1 3.36 


26.82 


K H 


2 


31.63 


Br 


■ 1 3.36 


28.26 


Cr 2 + 


3 


30.96 


Br 


■ 1 3.36 


27.60 


Fe 2 + 


3 


30.65 


Br 


1 3.36 


27.29 


As 2 + 


3 


28.35 


Rb 


1 0.30 


28.05 


Rb 1 + 


2 


27.28 


Rb 


1 0.30 


26.98 


Mo 2 + 


3 


27.16 


Rb 


1 0.30 


26.86 


Ru 2 + 


3 


28.47 


Rb 


1 0.30 


28.17 


In 2 + 


3 


28.03 


Rb 


1 0.30 


27.73 


1© C + 


3 


27.96 


Rb 


1 0.30 


27.66 


Al 2 + 


3 


28.45 


Rb 


1 0.30 


28.15 


Ar 1 + 


2 


27.63 


Rb 


1 0.30 


27.33 


Ti 2 + 


3 


27.49 


Rb 


1 0.30 


27.19 


Ga2 + 


3 


30.71 


I 


1 3.06 


27.65 


Se2 + 


3 


30.82 


I 


1 3.06 


27.76 
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Rh2 + 
Sn 2 + 
P 2 + 
Cr2 + 
Fe2 + 
As 2 + 
Rb1 + 
Mo 2 + 
Ru2 + 
In 2 + 
Te2 + 
Al 2 + 
Ar 1 + 
Ti 2 + 
Tc 2 + 
TI 2 + 
N 1 + 
P 2 + 

V 2 + 
Tc 2 + 
Sn2 + 
Tl 2 + 
N 1 + 
P 2 + 

V 2 + 
Fe2 + 
As 2 + 
Ru2 + 
In 2 + 

Te 2 + 

Al 2 + 

Ar 1 + 

Ti 2 + 

Tc 2 + 

TI 2 + 

N 1 + 



3 
3 
3 
3 
3 
; 3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 



31.06 

30.50 

30.18 

30.96 

30.65 

28.35 

27.28 

27.16 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

29.54 

29.83 

29.60 

30.18 

29.31 

29.54 

30.50 

29.83 

29.60 

30.18 

29.31 

30.65 

28.35 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

29.54 

29.83 

29.60 



Cs 

Cs 

Cs 

Cs 

Cs 

Cs 

Cs 

Cs 

Cs 

Se 

Se 

Se 

Se 

Se 

Te 

Te 

Te 

Te 

Te 

Te 

Te 

As 

As 

As 

As 

As 

As 

As 

Sb 

Sb 

Sb 



3.06 

3.06 

3.06 

3.06 

3.06 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

1.70 

1.70 

1.70 

1.70 

1.70 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

2.00 

2.00 

2.00 



28.00 

27.44 

27.12 

27.90 

27.59 

28.05 

26.98 

26.86 

28.17 

27.73 

27.66 

28.15 

27.33 

27.19 

27.84 

28.13 

27.90 

28.48 

27.61 

27.34 

28.30 

27.63 

27.40 

27.98 

27.11 

28.45 

27.75 

27.87 

27.43 

27.36 

27.85 

27.03 

26.89 

27.54 

27.83 

27.60 





P 2 + 


3 


30.18 




V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Ru2 + 


3 


28.47 


5 


In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Tc 2 + 


3 


29.54 


10 


Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 




P 2 + 


3 


30.18 




V 2 + 


3 


29.31 


15 


Tc 2 + 


3 


29.54 




Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 




P 2 + 


3 


30.18 


20 


V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 




Tl 2 + 


3 


29.83 


25 


N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Ru 2 + 


3 


28.47 


30 


In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 


35 


As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 



Sb 


- 1 2.00 


28.18 


Sb 


- 1 2.00 


27.31 


Bi 


- 1 0.70 


27.65 


Bi 


- 1 0.70 


27.77 


Bi 


- 1 0.70 


27.33 


Bi 


- 1 0.70 


27.26 


Bi 


- 1 0.70 


27.75 


Bi 


- 1 0.70 


26.93 


Tl 


- 1 2.10 


27.44 


Tl 


-1 2.10 


28.40 


Tl 


- 1 2.10 


27.73 


Tl 


-1 2.10 


27.50 


Tl 


-1 2.10 


28.08 


Tl 


- 1 2.10 


27.21 


Au 


-1 2.10 


27.44 


Au 


-1 2.10 


28.40 


Au 


-1 2.10 


27.73 


Au 


-1 2.10 


27.50 


Au 


-1 2.10 


28.08 


Au 


-1 2.10 


27.21 


Hg 


- 1 1.54 


26.81 


Hg 


- 1 1.54 


28.00 


Hg 


• 1 1.54 


26.93 


Hg 


- 1 1.54 


28.29 


Hg 


-1 1.54 


28.06 


Hg 


•1 1.54 


26.91 


Hg 


1 1.54 


27.77 


As 


1 0.60 


27.75 


As 


1 0.60 


27.87 


As 


1 0.60 


27.43 


As 


1 0.60 


27.36 


As 


1 0.60 


27.85 


As 


1 0.60 


27.03 


As 


1 0.60 


. 26.89 


Ce 


1 1.20 


27.15 


Ce 


1 1.20 


28.34 





Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 


5 


V 2 + 


3 


29.31 




As 2 + 


<'3 


28.35 




Rb 1 + 


2 


27.28 




Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 


10 


Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 


15 


Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 


20 


V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 




N 1 + 


2 


29.60 


25 


Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 


30 


In 2 + 


3 


28.03 




Te 2 + 


3 


?7 9fi 




Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




Tc 2 + 


3 


29.54 


35 


TI 2 + 


3 


29.83 




N 1 + 


2 


29.60 



Ce 


-1 1.20 


27.27 


Ce 


-1 1.20 


26.83 


Ce 


-1 1.20 


28.40 


Ce 


-1 1.20 


27.25 


Ce 


-1 1.20 


28.11 


Fr 


- 1 0.46 


27.89 


Fr 


- 1 0.46 


26.82 


Fr 


- 1 0.46 


28.01 


Fr 


- 1 0.46 


27.57 


Fr 


- 1 0.46 


27.50 


Fr 


- 1 0.46 


27.99 


Fr 


- 1 0.46 


27.17 


Fr 


- 1 0.46 


27.03 


Ge 


- 1 1 .20 


27.15 


Ge 


-1 1.20 


28.34 


Ge 


-1 1.20 


27.27 


Ge 


-1 1.20 


26.83 


Ge 


-1 1.20 


28.40 


Ge 


- 1 1 .20 


27.25 


Ge 


- 1 1 .20 


28.1 1 


Sn 


-1 1.25 


27.10 


Sn 


-1 1.25 


28.29 


Sn 


•1 1.25 


27.22 


Sn 


-1 1.25 


28.35 


Sn 


■1 1.25 


27.20 


Sn 


1 1.25 


28.06 


Pb 


1 1.05 


27.30 


Pb 


1 1.05 


28.49 


Pb 


1 1.05 


27.42 


Pb 


1 1.05 


26.98 


Pb 


1 1 05 




Pb 


1 1.05 


27.40 


Pb 


1 1.05 


28.26 


Po 


1 1.80 


27.74 


Po 


1 1.80 


28.03 


Po 


1 1.80 


27.80 





P 2 + 


3 


30.18 




V 2 + 


3 


29.31 




Ga2 + 


3 


30.71 




Se2 + 


3 


30.82 


5 


Rh2 + 


3 


31.06 




Sn2 + 


;3 


30.50 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 




P 2 + 


3 


30.18 


10 


Cr 2 + 


3 


30.96 




Fe2 + 


3 


30.65 




As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 


15 


In 2 + 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




As 2 + 


3 


28.35 


20 


Rb 1 + 


2 


27.28 




Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 


25 


Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 




Rb 1 + 


2 


27.28 




Mo 2 + 


3 


27.16 


30 


Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 


35 


Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 
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Po 


-1 1.80 


28.38 


Po 


-1 1.80 


27.51 


At 


- 1 2.80 


27.91 


At 


- 1 2.80 


28.02 


At 


- 1 2.80 


28.26 


At 


- 1 2.80 


27.70 


At 


- 1 2.80 


27.03 


At 


- 1 2.80 


26.80 


At 


- 1 2.80 


27.38 


At 


- 1 2.80 


28.16 


At 


- 1 2.80 


27.85 


Ge 


-1 1.20 


27.15 


Ge 


-1 1.20 


28.34 


Ge 


-1 1.20 


27.27 


Ge 


-1 1.20 


26.83 


Ge 


-1 1.20 


28.40 


Ge 


-1 1.20 


27.25 


Ge 


-1 1.20 


28.11 


Ga 


- 1 0.37 


27.98 


Ga 


- 1 0.37 


26.91 


Ga 


- 1 0.37 


28.10 


Ga 


- 1 0.37 


27.66 


Ga 


- 1 0.37 


27.59 


Ga 


■ 1 0.37 


28.08 


Ga 


■ 1 0.37 


27.26 


Ga 


1 0.37 


27.12 


In 


1 0.35 


28.00 


In 


1 0.35 


26.93 


In 


1 0.35 


26.81 


In 


1 0.35 


28.12 


In 


1 0.35 


27.68 


In 


1 0.35 


27.61 


In 


1 0.35 


28.10 


In 


1 0.35 


27.28 


In 


1 0.35 


27.14 


Ag 


1 1.30 


27.05 
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Tc 2 + 


3 


29.54 


Ag -1 


1.30 


28.24 




Ru 2 + 


3 


28.47 


Ag -1 


1.30 


27.17 




N 1 + 


2 


29.60 


Ag -1 


1.30 


28.30 




Al 2 + 


3 


28.45 


Ag -1 


1.30 


27,15 


5 


V 2 + 


3 


29.31 


Ag -1 


1.30 


28.01 




Cations and anions with n = 16 (resonance shrinkage energy 


is given b> 




2 27.21 ; with n 


= 16, the resonance shrinkage energy is 217.68) 




Atom 


n 


nth Ion- 


Atom n 


nth Inn. 


ci ic?rgy 




Oxidiz- 




ization 


Reduced 


17 a tin n 


Unlp 


1 0 


ed 




Energy 




Fnprnv 


\ ev J 








(eV) 










Be 3 + 


4 


217.71 


H - 1 


0 80 


91 Q 1 




Be 3 + 


4 


217.71 


Li - 1 


0 fil 


017 1 n 




Be 3 + 


4 


217.71 


B - 1 


\J.O\J 


t I / .HI 




Be 3 + 


4 


217.71 


C - 1 


1 19 


91 & *;a 




Be 3 + 


4 


217.71 


O - 1 


1 47 


91 9^ 




P 5 + 


6 


220.43 


O - 1 


1.47 


91ft Qfi 




P 5 + 


6 


220.43 


F - 1 


3 45 


916 Qft 




Be 3 + 


4 


217.71 


Na - 1 


0.52 


217 19 


20 


Be 3 + 


4 


217.71 


Al - 1 


0.52 


217 19 

Cm 1 / . 1 C 




Be 3 + 


4 


217.71 


Si - 1 


1 39 


91 ^9 




Be 3 + 


4 


217.71 


P - 1 


0.78 


21 6 94 




Be 3 + 


4 


217.71 


S - 1 


2.07 


215.64 


25 


P 5 + 


6 


220.43 


S - 1 


2.07 


218.36 


P 5 + 


6 


220.43 


CI - 1 


3.61 


216.82 




Be 3 + 


4 


217.71 


K - 1 


0.69 


217.02 




Be 3 + 


4 


217.71 


Fe - 1 


0.56 


217.15 




Be 3 + 


4 


217.71 


Co - 1 


0.95 


216.76 


30 


Be 3 + 


4 


217.71 


Cu - 1 


1.82 


215.89 


P 5 + 


6 


220.43 


Cu - 1 


1.82 


218.61 




P 5 + 


6 


220.43 


Br - 1 


3.36 


217.07 




Be 3 + 


4 


217.71 


Rb - 1 


0.30 


217.41 




P 5 + 


6 


220.43 


1 - 1 


3.06 


217.37 


35 


Be 3 + 


4 


217.71 


Cs - 1 


0.30 


217.41 


Be 3 + 


4 


217.71 


Se - 1 


1.70 


216.01 
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P 5 + 




990 4^ 


Se 


- 1 1 70 


218 73 






R 
D 




Te 
• \j 


\ 2 20 


218 23 

LIU. C- 






*T 


9M 71 


AA 0 


- 1 0 B0 


9\ 7 1 1 






o 
D 


99n 




. 1 n Rn 


P1 Q 




p c , 


c 
O 






. 1 9 no 


91 A 

^ 1 0.4o 




Dp O , 




917 71 


R i 


. 1 fi 7fi 


91 7 H1 




p C , 


O 


99n ill 

c^U.40 


Ri 


. 1 fi 70 


91 Q 70 




p c , 


c 

o 


oon ao 


T 1 
1 1 


1 Q 1fi 


91 Q 

<1 1 0.00 




p r; , 


O 




An 
MU 


1 oin 


91 fi 


1 n 






017 71 




1 1 c^A 


OIC 17 
c ID. I / 




DC. 
r O + 


D 


oon >i o 
22U.43 




1 1 tZA 

- I I .D4 


OI Q QO 

2 1 o.oy 




Da O t 

be o + 


A 

4 


0-17 7i 


AS 


■4 A AA 

- i 0.60 


O -4 7 -4-4 

217.11 




r D + 


A 

6 


AAA A O 

220.43 


AS 


A A AA 

- 1 0.60 


A ^ A QO 

21 9.83 




Da O . 

be 3 + 


4 


21 7.71 


/^A 

ue 


- 1 1.20 


21 6.51 


1 5 


P 5 + 


A 

6 


A A A A O 

220.43 


Ce 


4 4 A A 

- 1 1.20 


21 9.23 




Be 3 + 


>• 
4 


O 4 T "7-4 

217.71 


Fr 


A A A A 

• 1 0.46 


A 4 T A r* 

21 7.25 




D C . 

P 5 + 


A 

6 


AAA A O 

220.43 


Fr 


4 A x A 

- 1 0.46 


A -4 A A T 

21 9.97 




Da O 

be 3 + 


4 


O -4 "7 7H 
21 7. /I 


r^A 


- 1 1 .20 


0 4/? C M 

21 6.51 




D C . 


c 
b 


AAA yl A 

220.43 


ue 


•4 ^ A A 

- 1 1.20 


A J A A A 

219.23 


9 n 


Da Q t 

be J + 


A 

4 


O -1 "7 7 *1 
21 / . /I 


Ca 

bn 


4 -1 or 

- 1 1 .25 


A 4 A yi A 

21 6.46 




D c. . 
r O + 


c 
b 


oon /i 0 
220. 4o 


Ca 


i ■! OC 


0 4 n 40 

21 9.1 0 




be o + 


A 

4 


Oi 7 71 


rD 


1 i AC 


2 i b.bb 




p n , 
r O + 


C 
D 


oon /i o 


DK 

r D 


i 1 nc 


2 i y .00 




PC. 


c 
b 


oon /i 0 


DA 

rO 


1 1 on 


01 Q CO 

2 I o.bo 


9 o 


p c , 


a 

D 


oon a<\ 

C.<L\J .HO 


A t 


1 0 on 


017 CO 




Da Q . 

be o + 


4 


01 7 71 

2 1 / . / 1 


\jB 


1 i on 

• i 1.2U 


216.51 




P 5 + 


6 


220.43 


Ge 


- 1 1 .20 


219.23 




Be 3 + 


4 


217.71 


Ga 


• 1 0.37 


217.34 




Be 3 + 


4 


217.71 


In 


• 1 0.35 


217.36 


30 


Be 3 + 


4 


217.71 


Ag 


-1 1.30 


216.41 




P 5 + 


6 


220.43 


Ag 


1 1.30 


219.13 



Cations and anions with n = 54 (resonance shrinkage energy is given by 



2 27.21'; with n = 54, the resonance shrinkage energy is 734.67) 

Atom n nth Ion- Atom n nth Ion- Energy 
35 Oxidiz- ization Reduced ization Hole 
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ed 




Energy 
(eV) 




Enerav 
(eV) 


feV) 




0 6 + 


7 


739.32 


H 


- 1 0 80 


738 52 




0 6 + 


7 


739.32 


Li 


- 1 0 61 


73ft 70 


5 


0 6 + 


7 


739.32 


c 


• 1 112 


7^A 90 




0 6 + 


' 7 


739.32 


o 


- 1 1 47 

1 1 ."T / 


7^7 r*; 

/Of. OD 




O 6 + 


7 


739.32 


F 


- 1 3 45 


7 0C Q7 
/ O D .O / 




O 6 + 


7 


739.32 


Na 


- 1 0 52 


7^ft AO 




0 6 + 


7 


739.32 


Al 


- 1 0 52 


7*3A AO 
/ oo.ou 


10 


0 6 + 


7 


739.32 


Si 


- 1 1 3Q 


7^7 




O 6 + 


7 


739 32 


P 
i 


- 1 n 7A 

1 u. / o 


7°. Q 




0 6 + 


7 


739 32 


Q 


- 1 9 07 

1 C..\J t 


7 0, 7 OA 
/Of .dH 




0 6 + 


7 


739 32 


CA 


• I O.D I 


/ o j. / U 




O 6 + 


7 


73Q 39 


r\ 


1 n cq 
- 1 U.by 


/ 38.62 


1 5 


O 6 + 


7 


71Q **9 


re 


- 1 U.OD 


/ oo./o 




O 6 + 


7 


73Q 32 




- i u.yo 


/ Jo.36 




O 6 + 


7 


73Q 32 


Pi I 


1 1 PO 
- I 1 .OC 


/ o / .4y 




O 6 + 


7 


739 32 

/ J J, Jc 


Rr 


I J.OO 


/ OD.y D 




O 6 + 


7 


73Q 32 

/ O C7 » O C 


1 


1 Q 0£ 


70C OC 


20 


O 6 + 


7 


739 32 


OC 




/ 0 / .0 1 




O 6 + 


7 


739 32 




1 9 90 


707 i i 
/o/.n 




O 6 + 


7 


739 32 


Ac 
/A o 


.1 o ah 


7QQ 70 

/ 00. / £ 




O 6 + 


7 


739 32 


ou 


1 o oo 


7 O 7 OO 
/ J / .0£ 




0 6 + 


7 


739 32 


R i 
D 1 


- 1 U./U 


7 1 Q Ci 


25 


O 6 + 


7 


739 32 


T | 




707 OO 




O 6 + 


7 


739.32 


Au 


- 1 2 10 

1 L. Ill 


7^7 99 




O 6 + 


7 


739.32 


Ha 


• 1 1 54 


7^7 7R 
/ 0 / . / 0 




O 6 + 


7 


739.32 


As 


- 1 0 fiO 


7^A 79 




O 6 + 


7 


739.32 




-1 1 90 


700 1 4 
/OO. 1 I 


30 


O 6 + 


7 


739.32 


Fr 


- 1 0 


7QQ Q C 

/ OO.OD 




O 6 + 


7 


739 32 


VJfc? 


- 1 1 on 


738. 1 1 




O 6 + 


7 


739.32 


Sn 


-1 1.25 


738.07 




O 6 + 


7 


739.32 


Pb 


• 1 1.05 


738.27 




O 6 + 


7 


739.32 


Po 


-1 1.80 


737.52 


35 


O 6 + 


7 


739.32 


At 


• 1 2.80 


736.52 




O 6 + 


7 


739.32 


Ge 


-1 1.20 


738.11 
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O 6 + 


7 


739.32 


Ga 


- 1 


0.37 


738.95 


O 6 + 


7 


739.32 


In 


- 1 


0.35 


738.97 


O 6 + 


7 


739.32 


Ag 


- 1 


1.30 


738.02 



Some representative couples comprising a cation and a molecule capable 
5 of producing energy holes for shrinking deuterium atoms where the 
molecule is reduced. The number in the column following the ion or 
molecule, (n), is the nth ionization energy of the atom or molecule. For 
example, Ga 2+ + 30.71 eV = Ga 3+ + e~ and BF3 + e- = BF3 + 2.65 eV. 





Atom 


n 


nth Ion- 


Atom n 


nth Ion- 


Energy 


1 u 


Oxidiz- 




ization 


Reduced 


ization 


Hole 




ed 




Energy 
(eV) 




Energy 
(eV) 


(eV) 






«3 


on 71 


bh3 - 1 


9 CC 


9 q n c 
do. Ub 




oe £ + 


Q 




DC. < 

bh3 - 1 


O CC 


OQ i 7 


1 0 


1 C d. + 


Q 


9Q Cvl 


bi-3 - 1 


9 CC 


9 C QQ 




Ph 9 » 

nn ^ + 


O 
O 


0 1 nc 


bl-3 - 1 


9 CC 


9 0 A i 




Cn 9 » 

Oil ^ -t* 


O 

•J 


^n ^n 
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Rh 2 + 
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31.06 


NO2 - 1 


3.91 


27.15 


25 


Xe2 + 


3 


32.10 


N02 - 1 


3.91 


28.19 




Pb2 + 


3 


31.94 


NO2 - 1 


3.91 


28.03 




K 1 + 


2 


31.63 


N02 - 1 


3.91 


27.72 




Cr 2 + 


3 


30.96 


NO2 - 1 


3.91 


27.05 




As 2 + 


3 


28!35 


02 -1 


0.45 


27.90 


30 


Rb 1 + 


2 


27.28 


02 -1 


0.45 


26.83 




Ru 2 + 


3 


28.47 


02 -1 


0.45 


28.02 




In 2 + 


3 


28.03 


0 2 -1 


0.45 


27.58 




Te 2 + 


3 


27.96 


02 -1 


0.45 


27.51 




Al 2 + 


3 


28.45 


02 -1 


0.45 


28.00 


35 


Ar 1 + 


2 


27.63 


0 2 -1 


0.45 


27.18 




Ti 2 + 


3 


27.49 


02 -1 


0.45 


27.04 
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As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 


35 


N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 



SFq - 1 1.43 26.92 

SF6 - 1 1.43 28.11 

SF6 - 1 1.43 27.04 

SF6 - 1 1.43 28.40 

SF6 -1 1.43 28.17 

SF6 -1 1.43 27.02 

SF6 - 1 1.43 27.88 

WF6 -1 2.74 27.97 

WF6 -1 2.74 28.08 

WF6 - 1 2.74 26.80 

WF6 - 1 2.74 28.32 

WF6 - 1 2.74 27.76 

WF6 - 1 2.74 27.09 

WF6 - 1 2.74 26.86 

WF6 -1 2.74 27.44 

WF6 - 1 2.74 28.22 

WF6 - 1 2.74 27.91 

UF6 - 1 2.91 27.80 

UF6 - 1 2.91 27.91 

UF6 -1 2.91 28.15 

UF6 - 1 2.91 27.59 

UF6 -1 2.91 26.92 

UF6 - 1 2.91 27.27 

UF6 - 1 2.91 28.05 

UF6 - 1 2.91 27.74 

CF3 - 1 1.85 27.69 

CF3 - 1 1.85 27.98 

CF3 - 1 1.85 27.75 

CF3 - 1 1.85 28.33 

CF3 - 1 1.85 27.46 

CCI3 - 1 1.22 27.13 

CCI3 - 1 1.22 28.32 

CCI3 - 1 1.22 27.25 

CCI3 - 1 1.22 26.81 

CCI3 - 1 1.22 28.38 

CCI3 - 1 1.22 27.23 
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15 



20 



25 



30 



35 



V 2 + 


3 


29.31 


CCI3 


1 1.22 


28.09 


Ga2 + 


3 


30.71 


S1F3 


1 3.35 


27.36 


Se2 + 


3 


30.82 


SiF 3 


1 3.35 


27.47 


Rh2 + 


3 


31.06 


SiF3 


1 3.35 


27.71 


Sn 2 + 


3 


30.50 


S1F3 


1 3.35 


27.15 


P 2 + 


t 3 


30.18 


SiF 3 


1 3.35 


26.83 


K 1 + 


, 2 


31.63 


S1F3 


1 3.35 


28.27 


Cr 2 + 


3 


30.96 


SiF3 


1 3.35 


27.61 


Fe2 + 


3 


30.65 


SiF3 


1 3.35 


27.30 


As 2 + 


3 


28.35 


NH2 


1 1.12 


27.23 


Tc 2 + 


3 


29.54 


NH2 


1 1.12 


28.42 


Ru2 + 


3 


28.47 


NH2 


1 1.12 


27.35 


In 2 + 


3 


28.03 


NH2 


1 1.12 


26.91 


Te 2 + 


3 


27.96 


NH2 


1 1.12 


26.84 


N 1 + 


2 


29.60 


NH2 


1 1.12 


28.48 


A! 2 + 


3 


28.45 


NH2 


1 1.12 


27.33 


V 2 + 


3 


29.31 


NH2 


1 1.12 


28.1 9 


Tc 2 + 


3 


29.54 


PH 2 


1 1.60 


27.94 


Ru2 + 


3 


28.47 


PH 2 


1 1.60 


26.87 


Tl 2 + 


3 


29.83 


PH 2 


1 1.60 


28.23 


N 1 + 


2 


29.60 


PH 2 


1 1.60 


28.00 


Al 2 + 


3 


28.45 


PH 2 


1 1.60 


26.85 


V 2 + 


3 


29.31 


PH 2 


1 1.60 


. 27.71 


Tc 2 + 


3 


29.54 


CH 


1 1.83 


27.71 


Tl 2 + 


3 


29.83 


CH 


1 1.83 


28.00 


N 1 + 


2 


29.60 


CM 


1 1.83 


27.77 


P 2 + 


3 


30.18 


CH 


1 1.83 


28.35 


V 2 + 


3 


29.31 


CH 


1 1.83 


27.48 


Tc 2 + 


3 


29.54 


SH 


1 2.19 


27.35 


Sn 2 + 


3 


30.50 


SH 


1 2.19 


28 31 


Tl 2 + 


3 


29.83 


SH 


1 2.19 


27 64 


N 1 + 


2 


29.60 


SH 


1 2.19 


27.41 


P 2 + 


3 


30.18 


SH 


I 2.19 


27.99 


V 2 + 


3 - 


29.31 


SH 


I 2.19 


27.12 


Fe 2 + 


3 


30.65 


SH 


I 2.19 


28.46 


Ga2 + 


3 


30.71 


CN - 1 


I 3.17 


27.54 
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Se2 + 
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30.82 


CN 


1 3.17 


27.65 


Rh2 + 
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31.06 


CN 


1 3.17 


27 89 


Sn2 + 
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30.50 


CN 


1 3.17 


27 33 


P 2 + 
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30.18 


CN 


1 3.17 


27 01 


K 1 + 
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31.63 


CN 


1 3.17 
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CO.H J 


Cr 2 + 
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30.96 


CN 


1 3 17 


97 7Q 
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97 4ft 
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29.83 


SeCN 


1 2.64 


27.19 


N 1 + 


2 


29.60 


SeCN 


1 2.64 


26.96 


P 2 + 


3 


30.18 


SeCN 


1 2.64 


27.54 


Cr 2 + 


3 


30.96 


SeCN 


1 2.64 


28.32 


Fe2 + 


3 


30.65 


SeCN 


1 2.64 


28.01 



Cations and molecular anions with n = 16 (resonance shrinkage energy is 
given by 2 27.21 with n = 16, the resonance shrinkage energy is 217.68) 

n nth Ion- Energy 
ization Hole 
Energy (eV) 
(eV) 

- 1 2.65 217.78 
:1 . 3.91 216.52 

- 1 0.45 217.26 

- 1 0.45 219.98 

- 1 1.43 216.28 



Atom n nth Ion- Atom 

Oxidiz- ization Reduced 

ed Energy 
(eV) 

P 5+ 6 220.43 BF3 

P 5+ 6 220.43 NO2 

Be 3+ 4 . 217.71 O2 

P 5 + 6 220.43 O2 

Be 3+ 4 217.71 SF6 
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P 5 + 


6 


220.43 


SF6 


-1 1.43 


219.00 




P 5 + 


6 


220.43 


WF6 


- 1 2.74 


217.69 




P 5 + 


6 


220.43 


UF6 


- 1 2.91 


217.52 




P 5 + 


6 


220.43 


CF 3 


-1 1.85 


218.58 


5 


Be 3 + 


4 


217.71 


CCI3 


- 1 1.22 


216.49 




P 5 + 


'6 


220.43 


CCI3 


-1 1.22 


219.21 




P 5 + 


• 6 


220.43 


SiF3 


• 1 3.35 


217.08 




Be 3 + 


4 


217.71 


NH2 


-1 1.12 


216.59 




P 5 + 


6 


220.43 


NH2 


-1 1.12 


219.31 


10 


Be 3 + 


4 


217.71 


PH2 


-1 1.60 


216.11 




P 5 + 


6 


220.43 


PH2 


-1 1.60 


218.83 




P 5 + 


6 


220.43 


CH 


-1 1.83 


218.60 




P 5 + 


6 


220.43 


SH 


-1 2.19 


218.24 




P 5 + 


6 


220.43 


CN 


-1 3.17 


217.26 


1 ^ 


P 5 + 


6 


220.43 


SCN 


-1 2.17 


218.26 




P 5 + 


6 


220.43 


SeCN 


- 1 2.64 


217.79 




Cations and 


molecular anions with 


n m 54 


(resonance shrinkage 


energy 




given by j 27.21 


with n = 54, the resonance shrinkage energy is 734.67 




Atom 


n 


nth Ion- 


Atom 


n nth Ion- 


Energy 


20 


Oxidiz 




ization 


Reduced ization 


Hole 




ed 




Energy 




Energy 


(eV) 








(eV) 




(eV) 






O 6 + 


7 


739.32 


BF 3 


- 1 2.65 


736.66 




O 6 + 


7 


739.32 


NO2 


- 1 3.91 


735.41 


25 


O 6 + 


7 


739.32 


O2 


- 1 0.45 


738.86 




O 6 + 


7 


739.32 


SF6 


-1 1.43 


737.89 




O 6 + 


7 


739.32 


WF6 


- 1 2.74 


736.58 




O 6 + 


7 


739.32 


UF6 


- 1 2.91 


736.41 




O 6 + 


7 


739.32 


CF 3 


-1 1.85 


737.47 


30 


O 6 + 


7 


739.32 


CCI3 


-1 1.22 


738.10 




O 6 + 


7 


739.32 


SiF 3 


- 1 3.35 


735.97 




O 6 + 


7 


739.32 


NH2 


-1 1.12 


738.20 




O 6 + 


7 


739.32 


PH2 


-1 1.60 


737.72 




O 6 + 


7 


739.32 


CH 


-1 1.83 


737.48 


35 


O 6 + 


7 


739.32 


SH 


-1 2.19 


737.13 
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0 6 + 


7 


739.32 


CN 


- 1 


3.17 


736.15 


0 6 + 


7 


739.32 


SCN 


- 1 


2.17 


737.15 


0 6 + 


7 


739.32 


SeCN 


- 1 


2.64 


736.67 



The fusion of deuterium to 3 He releases neutron which can effect the 
fusion of 6 Li to helium. In one embodiment of Coulombic Annihilation 
Fusion, 6 Li is present in the fusion reaction mixture of deuterium where 
fusion of deuterium further drives the fusion of 6 Li. 

Other atoms in addition to deuterium can be caused to fuse by 
Coulombic Annihilation as described for deuterium. 

The quantum of energy hole is calculated for the atoms involved and a 
reaction or process which removes this much energy and regenerates the 
atoms or molecules to be fused is effected until sufficient energy is 
removed from the Mills orbitals so that the internuclear distance is 
sufficient for the nuclear strong force to dominate the coulombic 
repulsive force. Fusion then occurs. 

Fusion Reactor 

The fusion reactor 50. shown in Figure 6 comprises a vessel 52 which 
contains the fusion reaction mixture 54, a heat exchanger 60, and a steam 
generator 62 where the heat exchanger 60 absorbs heat released by CAF 
and exchanges it with the steam generator 62 which absorbs heat from the 
exchanger 60 and produces steam. The fusion reactor 50 further comprises 
a turbine 70 which receives steam from the steam generator 62 and 
supplies mechanical power to a power generator 80 which converts the 
steam energy into electrical energy, which is received by a load 90 to 
produce work or. for dissipation. 

The fusion reaction mixture 54 comprises a source of deuterium atoms 
56 or a source of molecular deuterium, and a source of energy holes 58 
which resonantly remove | 27.21 eV; n = 2, 3, 4 of energy from v 

deuterium to effect shrinkage to the point of fusion. The source of 
deuterium can be deuterium gas, electrolysis of deu^eTrnnToxide. 
deuterium from hydrides, or deuterium from metal-deuterium solutions. ' 

A source of energy holes comprises a catalytic energy hole material 
58. typically comprising electrochemical couples including the catalytic 
couples described in the Coulombic Annihilation Fusion Section. Thus, an 
exemplary fusion reaction mixture is molecular deuterium a salt of Pd 2 + 
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and a lithium* salt. Palladium absorbs molecular deuterium and the 
Pd 2+ /Li+ catalytic system effect resonant shrinkage of deuterium to the 
point of fusion. In one embodiment, the lithium is 6 Li in which case the 
neutrons released from fusion of deuterium effects the fusion of to 
helium. 

In other embodiments, the fusionable material is one of any element of 
the periodic chart, and the energy of the holes of the said source of energy 
holes is resonant with the Mills orbital shrinkage energy which is 
calculated using Mills mechanics of the present invention and described 
for deuterium in Appendix VI. 

In the preferred embodiment, 2 H, 3h, or 6 Li is used as the fusionable 
material. 

In all embodiments, the source of energy holes is one or more of an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, or 
nuclear reactions, inelastic photon or particle scattering reactions. 

In the latter two cases, the present invention of a fusion reactor 
comprises a particle and/or photon source to supply the said energy holes. 

In all reaction mixtures a selected external energy device 75, such as 
an electrode may be used to supply an electrostatic potential or a current 
to decrease the activation energy of the resonant absorption of an energy 
hole. 

In another embodiment the fusion mixture 54, further comprises a 
surface or material to absorb atoms and/or molecules of the fusionable 
material 56. Such surfaces or materials to absorb deuterium, or tritium 
comprise transition elements and inner transition elements including iron, 
platinum, palladium, zirconium, vanadium, nickel, titanium, Sc, Cr, Mn, Co, 
Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, Os, Ir, Au, Hg. Ce, Pr, 
Nd, Pm, Sm, Eu, Gd, Tb, Oy, Ho, Er, Tm, Yb, Lu, Th, Pa, and U. 

Experimental 

S. Pons, et al. have demonstrated cold fusion with an electrochemical 
cell that electrolyzes deuterium oxide to deuterium at a palladium 
electrode with lithium as the counter ion. That excess heat is released and 
that some fusion of deuterium is detectable is apparent by the present 
invention. The third ionization energy of palladium is 32.93 eV and the 
first ionization energy of lithium is 5.392 eV. This system can 
catalytically generate energy holes of 
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32.93 eV - 5.392 eV = 27.538 eV 
The catalytic reaction is given in the Coulombic Annihilation Fusion 
Section. The quantum of energy needed to decrease a Mills orbital by 

ao( ~ - ~ ) is 27.21 eV. The energy difference between 27.538 eV and 

27.21 eV is carried by a phonon or a translational or rotational mode. CAF 
occurs at a slower rate when sodium or potassium is used as the 
electrolyte because the energy hole produced by the Pd 2+ /Na+ system is 
27.791 eV and the energy hole of the Pd 2 +/K+ system is 28.589 eV. 

The energy holes of the Pd 2+ /Li+ system are closer to the resonance 
quantum of 27.21 eV. Thus, it is not surprising that lithium is a superior 
counter ion to effect CAF. 

That cold fusion at a titanium electrode has been observed by S. E. 
Jones et al to proceed a faster rate than with the Pd 2+ / Li+ catalytic 
system is not surprising in that the catalytic reaction involves only one 
atom as the catalyst, and the third ionization energy of titanium is 27.491 
eV which is close to the shrinkage quantum of 27.21 eV. The catalytic 
reaction appears in the Coulombic Annihilation Fusion Section. 

27.21 eV of heat is released during a radius reducing cycle of the Mills 
orbital of the deuterium atom in the Pons and Jones systems. 
Approximately 100 KeV of heat energy is released by the shrinkage 
process before the nuclei approach sufficiently for fusion to occur. This 
heat is unaccountable by both research groups. Interestingly, this 
unaccountable heat was observed in electrochemical cells with palladium 
electrodes, Group I cati on electrolytes, and aqueoys_solutions as long ago 
as 1924 by Jirsa (Jirsa, F., Z. Physik, Chem .. 113, 241 (1924)). Thus, Pons 
and Jones' observation of the phenomenon of heat release due to resonant 
Mills orbital shrinkage is not the first. 

Furthermore, physicist Francesco Scaramuzzi effected cold fusion of 
deuterium gas using shavings of titanium; whereas, in 1973, Catlett. et 
al., (Catlett, D. S., et al., The Journal of Chemical Physics, 58(8) . p. 3432, 
(1973)) diffused deuterium gas into palladium and measured no fusion 
products by sensitive, mass spectroscopy. According to the present model 
of the atom, CAF was catalyzed by Ti 2 + in the former experiment, and CAF 
was not possible in the latter due to the absence of the second element of 
a two-element catalytic couple such as Li+ of the Pd 2+ /Li+ couple. 
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Further Applications 

Mills Mechanics, the present invention, is a means to derive a complete 
quantitative description of any atom, molecule, or material. The said 
descriptions can be used to device novel molecules, materials, and 
electronic devices; thus, they can eliminate much experimentation. And, 
they can be 6sed to interpret the results of experimentation. 

For any atom, the radii of all Mills orbitals are calculated using the 
balance of forces as described in the One Electron Section, the Two 
Electron Section, and the Three Electron Section. The orbital energies are 
then calculated as described in the said sections to give the complete 
mathematical description of any atom or ion. Thus, with the selection 
rules, described in the Section Rules Section, together with the orbital 
energies and the principle of conservation of energy, all transitions are 
given. 

Bonding is calculated by minimizing the total energy stored in the 
electric and magnetic fields of the participating atoms as described in the 
Nature of the Chemical Bond Section. The resulting minimum for all atoms 
describes exactly any molecule or material. The physical properties can 
then be calculated from the following parameters: 

1. ) coordinates of the nuclei and Mills orbitals; 

2. ) the bond and orbital energies 

3. ) the bond energy as a function of said coordinates 

4. ) population of Mills orbitals (e.g.. unpaired electron or two spin 

paired electrons in a given orbital) 
Furthermore, Mills mechanics is a means to calculate reaction 
coordinates as energy surfaces that describe the intermediates of a 
reaction; thus, reaction mechanisms are given. With this knowledge, novel 
syntheses and products can be engineered, catalysts can be developed, and 
yields of the desired products increased. Also, phenomenon which occur 
too rapidly to be observed or have yet to be discovered (recent examples 
are cold fusion and high transition temperature superconductors) are 
described exactly via Mills mechanics which provides a complete 
description of matter on the atomic and molecular level. 
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Appendix I 

Proof that the condition for radiation by a charge density function is 

that it possesses components of its space-time Fourier Transform which 

are synchronous with waves traveling at the speed of light is given. 

Charge obeys superposition; thus, only a point charge need be considered. 

The proof starts with the Fourier components of the current produced by 

the moving charge. The electric field is found from the vector wave 

equation in Fourier space (k, co space). The inverse Fourier transform is 

carried over the magnitude of k. The resulting expression demonstrates 

. _ co — _ _ 

that the radiation field is proportional to J,( _ n ,co), where J (k.co) is the 



space-time Fourier transform of the current perpendicular to k and n = — 

|k| 

; thus, the necessary condition for radiation by the charge is that its 
space-time Fourier transform possesses components which travel at the 
speed of light. 

II. The Source and Its Fourier Transforms 

Consider a charged particle of charge q and position 7 0 (t). The charge 
density of the particle is described by 

p(7. t) = q5[7 - 7 0 (t)] (2.1) 

where 5( r - r 0 ) is the spatial unit impulse function. The current density 
i s 

J( r , t) = q7 0 (t)6[7 - 7 0 (t)] . (2.2) 
The spatial Fourier transform represents the current density as a 

superposition of spatial exponentials, exp -j k- 7. 

J( k. 0 = J / Jd3 kq7 0 (t)5[7- 7 0 (t)J exp(-i k- 7) (2.3) 

«qr 0 (t) exp(-i k- 7 Q ) 
The full space time Fourier transform is of course. 
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J( k, w) - J J J Jdtd3k J(r,t) exp(-i k- r) exp(io)t) (2.4) 
The inverse Fourier transform is 

J ( r , t) = (^) 4 J do J J J d k 3 J(k,co) exp(i k- 7) exp(-icot) (2.5) 

III. The Electromagnetic Field 
5 The electric field obeys the vector wave equation 

1 52E 5J 

Vx ( VxE ) + ^ = -^ (3-1) 

The space-time Fourier transform of the vector wave equation is: 
_ _ _ _ 0)2 _ 

k x [ k x E(k,o)) ] + ^E(k t (o) = -io)^ 0 J(k,co) (3.2) 

In the far-field, only the component perpendicular to k is of interest. 
1 0 Concentrating on this component one has 

_ -io)^ 0 n" X [nxJ(k,c»))l 

E ±( k ."> = k2-0,2/ C 2 < 33 ) 

with 

IV. The Inverse Spatial Fourier Transform 
1 5 The inverse space-time Fourier transform involves the integrals 



We shall retain the Fourier transform with respect to time and thus 
not carry out the integration over co. But we shall focus on a spectral 

width dco of the field and thus write down expressions for E (7,co) — . We 
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separate the integrals into an integral over the magnitude of k, and into a 

double integral with respect to the angles 9 and <|> of k with respect to 7. 
- _ d(o do , 1 ,3 Ct 



„ nx[nxJ(k,co)l — 
icou 0 k2dk k2 l _ tt 2 /c 2 exp(ik-r) (4.1) 

The last integral can be carried out by contour integration. For k-7 > 0. 
the contour must be closed into the negative imaginary half plane of k 
with the result 



_ _ dco 1 2 co 2 (off 



d<t> d8sin9 
4n 



Mo _ co- to 

— cnx[nxJ(-n,(o)]exp(i-nr) (4.2) 



This expression may be rewritten in a way that lends itself to an 
appealing interpretation. The density of (linearly polarized) modes per 
unit volume and unit solid angle, p(co,Q), is 

1 co 2 to 6Q 

p(co.fi) = dcodfi = — (-) d( -)— (4.3) 



With this definition, one has 

p(co,Q)dcodQ^\|^" 



c /- x dco c 
E -L (r ' W) 2^ = ^ 



nx[nxJ(^n,co)]exp(i%r) (4.4) 

— — dco co — 

The field E i( r . w )^ 's proportional to -J(-n.co) namely, the Fourier 

component for which k = co/c. Factors of co that multiply the Fourier 
component of the current are due to the density of modes per unit volume 
and unit solid angle. An unaccelerated charge does not radiate in free 
space, not because it experiences no acceleration, but because it has no 
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Fourier component. 

- (a - 
J(-n,co) 

Indeed, from (2.3) 

J(k,o>) = jdtqv exp(-ikvt + icot) 

= 2jiqv5(co - "k" v) (4.5) 
The only nonzero Fourier components are for 

CO CO 



k = ->- 

vcose c 



(4.6) 



where 8 is the angle between v and k. The reason for the radiation of 
an accelerated charge is that the Fourier decomposition of the current 
10 acquires Fourier components that are "synchronous" with the light 

velocity, i.e. with the propagation constant |k| =— . Thus, for example, an 
oscillating charge 

r 0 (t) = d sinco 0 t (4.7) 
has a Fourier spectrum 
qci) 0 d 

1 5 J(k.co) = ~y~ J m (kcos8d){5[co - (m + 1)co 0 ] + 5[co - (m - 1)co 0 ]} (4.8) 

where the Jm 's are Bessel functions of order m. These Fourier components 
can. and do, acquire phase velocities that are equal to the light velocity. 
For small kd only m = 0 remains and is approximately independent of k, 

(On 

J 0 (— cosed) s 1. 

20 V. Integration Over Angles 

Starting with (4.2), we note that the exponential is a strong function 

of 6 whereas the component n x [ n x J] varies much more slowly and thus 
can be pulled out from under the integration. We have to integrate an 
expression of the form 
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20 



25 



1 co 2 dco 
2n c3 



2n 



r K 



J 

0 



f d<>d8si n8 co - 1 to dco co _ 
J ~77~ exp(i c cos8 r > - * 2 1 ^ £ wp(i- r ) 
o 



where the upper limit on 9 is ignored because of the rapid variation of the 
exponent. With this result introduced in (4.2) one has 

- - dco dco i / Uo CO _ CO- (0 

E J. (r ' a) 2j"iJii V^c~r nx ( nxJ <c ex ^c n r) < 5/l > 

5 Here, n is the direction of the radius vector 7. We note now that a factor of 
o> appears in front of the current. One may therefore interpret the source 
as containing the acceleration where -ico represents differentiation with 
respect to the time coordinate. 

It seems more natural to attribute the factor to the integration over 
1 0 all the modes, in particular because then Cherenkov radiation presents 
less of a mystery. Cherenkov radiation is produced by an unaccelerated 
particle, but since the velocity of light is less than c. the particle current 

can have Fourier components synchronous with -\l — where c is 

the dielectric constant of the medium. 
1 5 Appendix II 

Space-time Fourier transform of Mills orbitals. 

The space-time Fourier transform in three dimensions in polar 
coordinates is given as follows: 



G(S,0,<J>,G)) - I glr, 9, <t>, DeHp (-/27lsrlcos 0 cos 9 ♦ 

Jo Jo Jo 

sin 0 sin 9 cos«1>-<1>) ♦ U) sin 9 dr d9 dd) dl 
Y 271 T 



with circular symmetry, 

r°° en 



G($,0) - 27l| gir, 9 ) J 0 (27lsr sin 0 sin 9) exp <-/27l$r cos 0 

cos 0) r 2 $in 9 dr d0 
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with spherical symmetry. 



5 



G(S) - 471 




sine (2$r) r z dr 



For separable variables 



10 



f(r) g(0) h«|» k(t) <— -> F(s) G(0) M(0>) K(C0) 



Mills orbitals are separable into a product of functions of independent 
variables, r, 9 , <j> , and t. The radial functions are delta functions. The time 
functions are of the form e' 0 ^, the angular functions are spherical 

1 5 harmonics, sin or cosine trigonometric functions or sums of these 
functions, each raised to various powers. The space-time Fourier 
transform is derived of the separable variables for the angular space 
function of sin <J> and sin 8. It follows from the space-time Fourier 
transform given below that other possible spherical harmonics angular 

20 functions give the same form of result as the transform of sin 8. and sin <j>. 



F($) - 47Crj2 $lnc(2$n) 

The space Fourier transform of g(9) = sin 8 is given as follows where 
there is no dependence on <j>: 




25 



30 




sin8 J 0 (27Isr sin 0 tin 9) exp (-/27lsr cos 0 cos 8) 



Jo JO 
sin 8 r? d9 dr 



35 
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G(0) - 27lf f 71 r2$in 2 9 J 0 (27lsr sin 0 sin 9) 

Jo Jo 

cos (27tsr cos 0 cos 9) d9 dr 



Jx> (z) - £ *> v X 2 — 

2 n-0 nl C\)*n*1) 
z - 27lsr sin0 sln9 

C(0) - zkT f* r2sin20 ( £ M)Mlr .«n6 »ln9)^) 
Jo Jo \7o nl(n*U 7 

co$(27l$rcos0 cos9) d9dr 

G(0)-27ir I (-n^rsln©^^^!) 

Jo Jo n -0 nl(n*ll 
co$(27l$rco$0 co$9) d0dr 



6(0)- 2nf rlf* 2 '-"- , 'nr,ine>"-" t|n2f , e 
Jo Jo n-0 n(n-1)l 



cos(27lsrco$0 co$9) d9dr 



j (z) . l K co$(z co$ 0 )$jn 2\)0 d Q 

riiin^J-) Jo 



2 2 
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B e <U)>-U/2), z-27lsrco$0 
5 G(0) ■ 2Jl(°° r 2 Y (* M)^7lr,in0)^» 

> JO Jo ni 

nl)r(\)*J-)(7l$r cos0)\> 
1 0 ~ ^ r jln2V ^ cot(27lsrco$0 co$G) d9dr 

2 2 



15 



20 



C(0) - 271 (°° r* T C-l^'CTlrsIn© >«»■» 
Jo 



2 2 (K 



2 2 



sr cos0)V f 71 _ ^ 

—— — $ln2V9 co$(27l$rco$0 cos9)d9dr 



6(0) - 27l(~ r2 Y f* M)»-fKr «m9 

Jo -o-i /o v(\)-ni 

2 J V) (27l$r cos 0) dr 

(7l$r co$0) v 

Hankel transform formula: 

30 

[" r -H/2)|rs) ,,/ \|r J )dr.S ,,/2) 

Jo 

Hankel transform relationship: 

35 
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(>oo 
f(K) (Hy)< l/2 >J X) ( H y) dM 
0 

f(H) , m - 0, 1, 2... < > y< 1/2 > - v fjj^) m l y< m4X) - |/2) g(y; m*\))) 



|°° r D r -(1/2) (r$) (1/2) Jx)(r$) dr - S n/2).D ( _A_ )V , s v\)-(l/2) 
s (l/2) I 

f°° r V $d/2) j (r$) dr . i!^ ^ $ 2U, 

f°° T V $ (1/2) j (r$) dr . s (1/2)-2V $ D . lUi $ (1/2)-\) 
Jo \)l \)l 

r r^$-(»/2)$M/2)j (r$) dr . 2VJL $ -U 

G(0) - 271 £ f°° M) v ''(tt sln0 )*»" 
V-lio VU)-1)I 

— ? r v J v (27lsr cot 0) dr v 

(71$ co$0)V 



letr- C dr «^ 



271 cos 0 271 co* 0 



6(0) - 271 £ f (-1) v l (7tsin0 )" v l) 
D-1/0 A)(\)-D! 

_2 2 tv — J($r ., dr . 

(71* co$0) v (271 co$0) v * ! 



6(0) - 271 X ('») V '(7Csln0 

"0 (\) - 1)1 
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r<i)r(\)*i> 

2 2 2UL $ -\) 



(71$ cosO^UntosG)^ 1 VI 



The space Fourier transform of h(«|>) = sin * is given as follows where 
there is no dependence on 9: 

Apply change of variable to the Fourier transform of g(8) = sin 9. 



9=><|> implies 0=> $ 

v-i .did-™ (7Cco$0) 2d-i 2 d-i in - *'™ 



The time Fourier transform of KOj-RefeHptJCO, t)> is given as 
follows: 1 

^ co$C0 o t eHp(-KOt) dt - | 5 (CO - COj) ♦ 8 (CD ♦ CO )1 



The space-time Fourier transform of a Mills orbital is of the following 
form: 

M($, 0. O, CO) - F(S) C(0) H(O) K(CO) 



i23 



M(S,0.0.(O)-47lri2sinc(2,n> S jjgjjg »">0 

\)(\)-ni 

2^ , mco*0) 2 ^ 1 



■ 1 5 (co - co 0 ) ♦ 5 (0) ♦ co 1 )i 

The condition for radiation of a charge density function is given in 
Appendix I. The space-time Fourier transform of the charge density 
function must not have waves synchronous with waves traveling at the 
speed of light, that is synchronous with <£n or synchronous with 

COn / T C 

c y i 0 where c is the dielectric constant of the medium. Given the 

angular velocity. a> » o> n , the space-time Fourier transform of the Mills 
orbital is zero for 

2n 

S = — when 
A n 

2n(nr 1 ) = 2rcr n = nX, = X n (11.2) 

where n = 1 

n = 2, 3, 4, ... 

1 I 1 
n ~ 2 • 3 9 4 ' — 

Xi is the allowed wavelength for n = 1 
h is the allowed radius for n =1 

Thus, space-time harmonics of — = k or — -yj — = k do not exist. 

Thus, radiation due to charge motion does not occur in any medium when 
this boundary condition is met. 
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Appendix III 

The solution to the Schrodinger equation is a wave function y (x). An 
interpretation of y (x) is required. Schrodinger postulated that y (x) 
represents the amplitude of the particle in some sense, and because the 
5 intensity of a yvave is the square of the amplitude the "intensity of the 
particle" is proportional to y # (x) y (x) [y *(x) is the complex conjugate of 
y (x)J. A controversy arose over the meaning of intensity. Schrodinger 
considered e y # (x) y (x) to be the charge density or e y # (x) y (x) to be the 
amount of charge between x and x + dx. Thus, he presumed the electron to 
1 0 be spread all over the region. 

The electron has kinetic energy and angular momentum and energy 
must be conserved; thus, the motion of an electron must be time harmonic. 

It is demonstrated in Appendix I that emission of electromagnetic 
radiation occurs if the space-time Fourier transform possesses waves 
1 5 that are light synchronous with waves traveling at the speed of light. It is 
demonstrated below that the Schrodinger wave equations have such 
components; thus, they must radiate. That no radiation is observed 
demonstrates the invalidity of these equations as an accurate description 
of an electron. 

20 The angular functions of Schrodinger wave equations are spherical 
harmonics and their space-time Fourier transform is given in Appendix II 
as the transforms of g(9), h(<j>), and k(t). The radial solutions are of the 
form of a r raised to a power times a negative exponential of r. The space- 
time Fourier transform of the radial function f(r) = re* r/a 0 follows: 



25 



Jo 



re -(r/e 0 ) $ j nc (2$r) r 2 dr 



f 

JO 



roo 

30 I r 3 e -(i7a 0 ) sIn 2K(2sr) dr 

7l2$r 



too 

I (r 2 e~< r/o oV(27ls) $!n 47tsr dr 
35 Jo 
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10 



15 



20 



25 



letr«r747t, dr* - (1/471) dr 



— tl exp — ) sin rs dr* 

0 (47l) 2 27C$ (4jl) °o 



f M n e-«« sin (Kg) dx - ni ( — S — ) n * ! 
JO a 2 ♦ u 2 



In 

"I «-'» m( 2m .. )( a } 

m-0 



let h - r, $ - y, a - l/47lo 0 , n - 2 



roo 



35 



1/471 t 2 e-^/47la 0 ) $|n r$ df . j__ 

(47l) 2 27ls (47l) 3 27ls 
(2l)(-^i^oL_)3 
(l/47lo n ) 2 ♦ $2 



30 1 

h£ (-l) m ( 3 )( $ )2m*l 

m-0 2m *' ,/4 K«o 



126 



Thus, the complete space-time Fourier transform of a Schrodinqer 
5 wave equation is given as follows: ^cnroa.nger 



10 



UI(S, 0, <D, CO) J (2|) /__Ji^7C8o) n3 v 

3 w . *•» o m-0 



( )( — * — )2m*l 
2m ♦ I '1/4710/ 



OO 



■11 2^»(ncos0)2^1 



OO 



U(\) ill (71 cos0)2V1 2 \)*| ^T $2V 



^l5(0).(0 o )*5((D*C0 0 )) 



25 This transform has components f . k which are not zerQ and ^ 
synchronous with waves traveling at the speed of light. Thus a charoe 
dens,ty function given by the Schrodinger wave equation m ust radia e in 
accordance with Maxwell's Equations. 
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Appendix IV 

Derivation of the Orbital Energy Stored in the Magnetic Fields of Two 
Paired Electrons 

Derivation of the Magnetic Field 

Consider Figure 2; the magnetic field must satisfy the following 
relationships; 

« V- H = 0 in free space (l V 1 ^ 

n x (H a - Hb ) = ^ (|v 2) 



n • (H a - Hb ) =0 
H = - V y 



(IV.3) 
(IV.4) 



a 3 _eh_ . 
K = '*2 ur n 3 s,ne (IV.5) 

Ha9 " Hbe= 2 ^3 sine (IV.6) 
To obtain H e .the derivative of V with respect to 9 must be taken, and 
this suggests that the 8 dependence of *p be taken as cos 9 .The field is 
finite at the origin and is zero at infinity; so. solutions of Laplace's 
equation in spherical coordinates are selected because they are consistent 
with these conditions. 

T = C fe] C0S8; r < r " (IV.7) 

H ' = A [?~] 3 cos9 ; r>r n (IV.8) 



20 The negative gradient of these potentials is 



H = rf C^cose -^e sine) for r < r n 



H = 
r n 



fn n-o U -^ 1MBJ iorr<r n (| V .g) 



[?^] 3 2 cose + % sin9) for r > r n (iv.10) 



The continuity conditions of Equations (IV.3). (IV.5). and (IV 6) and are 

appl.ed to obtain the following relationships among the variables 
25 iC _2A 

r n = r n (IV.11) 

A _C 3 _£ti_ 

r n " r n ~ 2 M r n 3 (IV.12) 

Solving the variables algebraically gives the magnetic fields of an 
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electron: 



7* _efi. a h 

nr 3 Or cose -lesine) for r < r n 



H = 



^ fn 3 ur^osv -lesinwj iorr<r n (IV. 13) 



2 Mr 3 ('r 2 cose -i e sine) for r > r n (iv.14) 
Derivation of the Energy 

The energy stored in the magnetic field of two electrons is 

2lt 71 oo 

Emag =2 -z n 0 j j jH2 r 2 s inedrded<J> (IV. 15) 
0 o 0 

Emag.total = Emag.external + Emag.internal (IV. 16) 

211 * hi 

Emag,internal =H<,J J J[ J ( cos2e + s»n 2 e ) r 2 sinedrd6d<J> (IV. 17) 

0 

4^ 0 e 2 h 2 

= 3n2 ri 3 (IV. 18) 

oo 

2n n ■ 

E mag,extema! = Ho J J J 2 (4cos 2 Q + sin 2 e) r 2 sin6drded<{> (IV. 19) 

~ 3n2 h 3 (IV.20) 

47tn 0 e 2 ft2 2;in 0 e2h2 
Emag.total = ^3 + 1^3~ < IV - 21 ) 

2icn 0 e2h2 

tmag.total = ^3 (IV.22) 
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Appendix V 
The Hydrogen Molecule 
It can be shown easily that the internuclear distance for the dihydrogen, 
H 2 , is 0.748 A. Consider two hydrogen atoms, A and B, approaching each 
5 other along the x-axis as shown in Figure 3. The radius of each Mills 
orbital is a p .,The electrostatic energy is 

^interaction = 2 x — c Q jA£ 2 dv (V.1) 

We define this energy as E lnteraclion Recall that the electric field is zero 
for r > a 0 . Until the orbitsphere penetrate the energy of interaction, 
1 0 ^interaction . 'S zero. 

As the atoms move closer, the Mills orbitals begin to penetrate When the 
penetration is small, as shown in Figure 4, E interaction decreases (is 
negattve) because most of the electric field vectors from nucleus A in the 
overlap region are pointed in direct opposition to the B electric field 
1 5 vectors from nucleus B. 

As the atoms move closer and the overlap increases, the E inleraction will 
continue to decrease (become more negative). However, the decrease per 
unit volume will be smaller because a lower fraction of the A-vectors 
will be in direct opposition to the B-vectors. Figure 5 shows the two 
rad.al vectors and the net electric field vector (E AB ) for the point of 
intersection of the Mills orbitals. 
We see that 

E A = E B K 



20 



(a D )2 (V.2) 
n 2 t= ? 2K2 

EA + EA = (i^ (V.3) 

25 Exb-ExA (V4) 

b AB = EyA + E yB = 2 E yA fV 5) 

From the angle 9, 

sin e = *- = |^ _ M 

ao E A K /a 0 ( v - 6 > 

^ A = (a 0 )3 (V.7) 
30 E AB = 2-^ 



(a 0 )3 (V.8) 
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Therefore, (Eab) 2 will be less than [(EA)2 + (EB)2 ] when 

4y2 K2 2K2_ 
(a 0 ) 6 < (a 0 )4 (V.9) 

V2 < 2 or y < ^= (V.10) 

Thus, for y = 0 to y < a D /Vi E interaclion decreases. For y > a 0 /V2 E interaction 
increases. And for y = a 0 /V2 , E in1eraction is a minimum. When y = a 0 /V2 

» 

RAB « xB = 2x ^| «= V2 a 0 = 0.748 A (V.11) 



The experimental internuclear bond distance is 0.746 A 
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Appendix VI 

Calculation of the Resonant Energy Hole to Effect Shrinkage of the 
Radius of the Mills Orbital of the Deuterium Atom. 

For the deuterium atom, the force relationship is given as follows- 
5 u.v 2 _ ft 2 

f ~4jie 0 r 2 

The boundary condition for nonradiative Mills orbitals derived in 
Appendix II, 2nr = nX, gives: 

n 

v = — . 
ur 

Consider the case where the electron in the ground state losses kinetic 
1 0 energy, 1/2 mv2, due to an inelastic collision for example, then the radius 
of the Mills orbital will shrink until the boundary condition is satisfied. 
The amount of energy which must be carried away (i.e., the magnitude of 
the energy hole absorbed) is calculated as follows: 
Let n = initial radius. 
1 5 Let X2 = final radius. 

The force balance is: 

uv 2 p2 
r ~ 4jie 0 r 2 

Vo is introduced as a perturbation of the velocity and the magnitude of the 
velocity change of the electron from the initial to final Mills orbital is 
20 calculated as follows: 

JL(JL. V 0) 2.-*2- 

JL h2 2h , , e 2 

r 2 ( ^-^ V0 - V ° 2 ) = 4^ 

,.2 2ft M 2 e 2 

Vo - — Vo + o o * - = o 

4n£ 0 r2 



+ 4- 



Vo ^ + V ^ 2f i 2 H 2 n 2 n4 n En r ? 2 

° = 2 ± ? 



25 Vo= ±. ± J^TI 
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e2 h2 
4ne 0 ~ *ia 0 

vo = jl ±a /iz: 

nn V u2a 0 r 2 

For the grpund state, the radius of the Mills orbital was determined in 
the One Electron Atom Section to be a^ Thus, the boundary condition is 
given as follows: 

2jta 0 = X 

From the boundary condition, 2*r = nX, with r < a 0 . the radius of any 
shrunken state is an integer fraction of the radius of the ground state. 
Thus, for the first shrunken state 



10 r 2 = , and in general 

r 2 = 

Substituting n = a 0 and r 2 = ^ into the relationship for Vo gives 



2 

ao 
n 

a, 



Vo = 



V n 2 a 0 2 



M3 0 

v# h i— h 

Vo= ± Vn 

Ma 0 na 0 

1 5 n=2,3,4 

The angular velocity of the electron in ground state is —and the angular 

na 0 

velocity in the first shrunken state is — 

na 0 

Consider the velocity of the centripetal force equation: 

J-( — - Vo) 2 » F c 
and the relationship resulting from the perturbation: 

^"i 1 ^^ n=2 ' 3 ' 4 
In order to satisfy the boundary conditions/the first term of V 0 — 



20 
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must be negative so that it adds to the initial velocity -5- to give the 
final velocity — , and the kinetic energy due to the velocity component 

r Q 

r n 

Jia^ must be removed t0 effect tne shrinkage transition. 

The magnitude of the energy hole which arises from this term is 
calculated as follows: 



E = |nv2 = |n(Vn~;^- )2 



H3q 



p 1 n2 
E = - jin 



2 H %2a 0 2 
n=2.3,4 

Thus, the absorbed energy hole which effects shrinkage is quantized. 
1 0 For the shrinkage transition n = 1 to n = 2, the resonant energy loss to 
shrink a Mills orbital by a 0 ( ^ - ^ ) where m is the quantum number of 

the initial orbital and n2 is the quantum number of the final orbital is 
given as follows: 

c 1 ft 2 

E " o n o '< n=2 

2 jia 0 2 

15 E= Jli_ = (1.05459 X 10-34)2 

ua 0 2 (9.10953 X 10"31)(5. 29177 X 10-11)2 
E = 4.3598285 X 10' 1 8j = 27.21 1682eV 

Thus, shrinkage requires the electron to lose a resonance energy of | 
27.21 eV where n = 2, 3, 4 

Notice that absorption of an energy hole reduces the radius; whereas, 
20 absorption of energy as a photon increases the radius. The former 

increases the coulombic force by the multiple of n; the latter decreases 
the coulombic force by the multiple of ^ where n is the integer of the 

transition; thus, the force balance, and the boundary conditions for 
nonradiation are satisfied. 
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Appendix VII 
Detailed Description of Figure 1. Mills Orbitals 
Mills orbitals are obtained by adding a constant sphere which is 
normalized to a spherical harmonic which is normalized. This function is 
5 the charge density on the surface of the spherical delta function that 
comprises the. Mills orbital. The former can be consider the base charge 
density whose, current gives rise to magnetic spin, and the latter can be 
considered a charge density function which creates modulation of the 
former and whose traveling wave of current gives rise to orbital angular 
1 0 momentum. The total charge of the Mills orbital for an electron is e and 
the total mass is \i. 

The application entitled ENERGY/ MATTER CONVERSION METHODS AND 
STRUCTURES filed April 21. 1989 is herein incorporated by reference. 

These and further methods and embodiments arising from substitution 
15 and modifications made by one of ordinary skill in the art are considered 
within the scope of the present invention. For instance, in the case of 
energy release through fusion according to the present invention, the 
fusion material may include more than one element or molecule, where 
corresponding energy holes are provided for each fusion element. 
20 Therefore, the present invention is not limited except by the claims which 
follow. 
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CLAIMS 

What is claimed is: 

1. A method of releasing energy, comprising the steps of: 

selecting a first element of matter having a nucleus and at least one 
electron orbital; 

selecting a second element of matter having a nucleus and, at least 
one electron; orbital; 

determining the resonance shrinkage energy levels of the electron 
orbitals of said first and second elements of matter; 

providing two energy holes substantially equal to each of the 
resonance shrinkage energy levels of said first and second elements of 
matter; 

juxtaposing said first and second elements of matter and said 
energy holes, wherein; 

fusion of said first and second elements of matter is produced when 
the energy of said first and second elements of matter is removed by said 
energy holes from said electron orbitals to permit forces from each 
nucleus of said first and second element of matter to be attractive to 
form a common nucleus, providing the release of energy. 

2. The method of claim 1, wherein: 

said first and second elements of matter comprise the same element 
of matter. 

3. The method of claim 1, wherein said step of providing an energy hole 
for each fusionable element comprises the step of selecting a third 
element of matter having an ionization energy substantially equal to the 

Resonance shrinkage energy of said first and second elements of matter. 

4. The method of claim 3, further comprising the step of transferring 
energy between said juxtaposed first and second elements of matter and 
external energy apparatus, said energy hole to control the rate of fusion 
according to the relative equivalence of said energy hole and transferred 
energy to the energy levels of said first and second elements of matter. 

5. The method of claim 1, wherein the step of providing an energy hole 
comprises the steps of: 

selecting a plurality of elements of matter, each having an 
ionization energy, wherein each of said plurality of elements of matter 
are selected to produce a difference in ionization energies substantially 
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equal to the energy resonance shrinkage energy of said first element of 
matter. 

6. The method of claim 1, wherein said first and second elements of 
matter comprise different elements of matter. 
5 7, The method of claim 6, wherein said step of providing an energy hole 
for each of said first and second elements comprises the step of: 

selecting a third and fourth element of matter each having an 
ionization energy substantially equal to the resonance shrinkage energy of 
the respective first and second elements. 
1 0 8. The method of claim 6, wherein said step of providing an energy hole 
for each of said first and second elements comprising the step of: 

selecting a plurality of elements providing a difference in ionization 
energies substantially equal to at least one of the resonance shrinkage 
energy of said first and second elements. 
1 5 9. The method of claim 8, wherein the step of providing an energy hole 
includes the step of: 

selecting an additional element providing an ionization energy equal 
to the other resonance shrinkage energy of said first and second element. 
10. The method of claim 5, further comprises the step of transferring 
20 energy between said juxtaposed first and second elements of matter and 
external energy apparatus, said energy hole to control the rate of fusion 
according to the relative equivalence of said energy hole and transferred 
energy to the resonance shrinkage energy levels of said first and second 
elements of matter. 

2 5 11. The method of claim 10. wherein the transfer of energy is provided 
by one of an externally applied electric, magnetic field, or heat transfer 
and acoustic energy. 

12. The method of claim 1. wherein the step of determining the 
resonance shrinkage energy comprises the step of calculating the said 

30 energy of the electron orbitals. 

13. The method of claim 12. wherein the step of calculating comprises 
the steps of: 

equating the sum of the magnetic and coulombic forces with the 
centripetal force; 
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introducing an energy hole into the centripetal force as a velocity 
deficit; and 
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determining the energy hole by solving for the energy in the velocity 
deficit where the boundary conditions of Mills orbital, 2nr = nX is 
observed. 

14. The method of claim 1, wherein: 

said first and second elements of matter have an atomic number of 
26 or less. < 

15. The method of claim 1, wherein the step of providing an energy hole 
comprises: 

providing a catalytic system. 

16. The method of claim 15, wherein the step of providing a catalytic 
system comprises: 

providing an electrochemical reactant comprising at least one of a 
cation and an anion. 

17. Apparatus for providing the release of energy, comprising: 
means for providing a first and second element of matter in a 

selected volume, each of said first and second elements having a nucleus 
and at least one electron at an orbital having a respective resonance 
shrinkage energy level; and 

a substance introduced into said selected volume for providing an 
energy hole in juxtaposition with said first and second elements of 
matter, said energy hole having a magnitude substantially equal to said 
resonance shrinkage energy, wherein: 

fusion of said first and second elements of matter is produced when 
the orbitals of said first and second elements of matter are reduced due 
to removal of orbital energy by said energy hole permitting forces from 
'each nucleus of said first and second elements of matter to form a 
common nucleus, providing the release of energy. 

18. The apparatus of claim 17, wherein said substance comprises at 
least a third element of matter having an ionization energy substantially 
equal to the resonance shrinkage energy of each of said first and second 
elements of matter. 

19. The apparatus of claim 18. wherein said substance further 
comprises at least an additional element of matter having an ionization 
energy, which in combination with the ionization energy of said third 
element produce said energy hole substantially equal to the resonance 
shrinkage energy of at least one of said first and second elements of 
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matter. 

20. The apparatus of claim 18, wherein: 

said first and second elements of matter are the same elements. 

21. The apparatus of claim 20, wherein: 

said first and second elements of matter have an atomic number of 
26 or less. 

22. The apparatus of claim 18, wherein: 

said first and second elements of matter comprises one of 2j-|, 3h, 
6 Li; and 

said third element comprises Ti2+. 

23. The apparatus of claim 22, wherein said first and second elements 
of matter comprise deuterium and said third element comprises one of: 

single-ion capable of producing " energy holes for shrinking deuterium 
atoms. The number following the atomic symbol (n) is the nth ionization 
energy of the atom. That is for example, Ti 2 + + 27.49 eV - Ti3+ + e -. 



Catalytic Ion 


n 


nth ionization 


A|2 + 


3 


28.45 


Ar1 + 


2 


27.63 


Ti2 + 


3 


27.49 


As2+ 


3 


28.35 


Rb 1 + 


2 


27.28 


Mo 2 + 


3 


27.16 


Ru2+ 


3 


28.47 


In2 + 


3 


28.03 


Te2+ 


3 


27.96 



n = 16 (resonance shrinkage energy is given by ^ 27.21; with n = 16, the 

resonance shrinkage energy is 217.68) 

Catalytic Ion n nth ionization energy 
Be 3+ 4 217.71 

P 5+ 6 220.43 

24. The apparatus of claim 20. wherein: 

said first and second elements of matter comprises 2 h and 3H; and 
said third and said additional element comprise Pd 2 + and Li + . 

25. The apparatus of claim 20, wherein said first and second elements 
of matter comprise deuterium and said third and fourth elements of 
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matter comprise on of the following two-ion couples: 

Two-ion couples capable of producing energy holes for shrinking 
deuterium atoms. The number in the column following the ion, (n), 
the nth ionization energy of the atom. That is for example, Pd 2 + 



+ 32.93 eV = 


Pd3+ + e - 


and Li + + e" 


= Li + 


5.39 eV. 




Atom 


* n 


nth Ion- 


Atom 


n 


nth Ion- 


Energy 


Oxidiz- 


• 


ization 


Reduced 




ization 


Hole 


ed 




Energy 
(eV) 






Energy 
(eV) 


(eV) 


Ne 1 + 


2 


40.96 


H 1 + 


1 


13.60 


27.36 


Ar 2 + 


3 


40.74 


H 1 + 


1 


13.60 


27.14 


Sn 3 + 


4 


40.73 


H 1 + 


1 


13.60 


27.14 


Pm 3 + 


4 


41.10 


H 1 + 


1 


13.60 


27.50 


Sm 3 + 


4 


41.40 


H 1 + 




13.60 


27.80 


Dy3 + 


4 


41.50 


H 1 + 


-I 


13.60 


27.90 


Kr 3 + 


4 


52.50 


He 1 + 


1 


24.59 


27.91 


Rb3 + 


4 


52.60 


He 1 + 


1 


24.59 


28.01 


K 4 + 


5 


82.66 


He 2 + 


2 


54.42 


28.24 


Zn 4 + 


5 


82.60 


He 2 + 


2 


54.42 


28.18 


Se 5 + 


6 


81.70 


He 2 + 


2 


54.42 


27.28 


He 1 + 


2 


54.42 


Rb2 + 


2 


27.28 


27.14 


Zr 4 + 


5 


81.50 


He 2 + 


2 


54.42 


27.08 


He 1 + 


2 


54.42 


Mo 3 + 


3 


27.16 


27.26 


Si 2 + 


3 


33.49 


Li 1 + 


1 


5.39 


28.10 


Mn 2 + 


3 


33.67 


Li 1 + 


1 


5.39 


28.27 


Co 2 + 


3 


33.50 


Li 1 + 


1 


5.39 


28.1 1 


Pd2 + 


3 


32.93 


Li 1 + 


1 


5.39 


27.54 


I 2 + 


3 


33.00 


Li 1 + 




5.39 


27.61 


Hf 3 + 


4 


33.33 


Li 1 + 




5.39 


27.94 


Li 1 + 


2 


75.64 


C 3 + 


3 


47.89 


27.75 


Li 1 + 


2 


75.64 


N 3 + 


3 


47.45 


28.19 


Li 1 + 


2 


75.64 


Na2 + 


2 


47.29 


28.35 


Li 1 + 


2 


75.64 


S 4 + 


4 


47.30 


28.34 


Cu 5 + 


6 


103.00 


Li 2 + 


2 


75.64 


27.36 


Li 1 + 


2 


75.64 


Br 4 + 


4 


47.30 


28.34 


Br 6 + 


7 


103.00 


Li 2 + 


2 


75.64 


27.36 
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V D + 


7 


1 £H 1 7 
1 OU. 1 / 




LI c. + 


o 
o 


1 OO >1 C 

I 22.4b 




Pm O i 
uu 2 + 


Q 
O 


ob.83 




rvi ^ + 


o 
O 


oo.yb 


c 
o 


oa 2 + 


o 

3 


37.48 






J 4 


O "7 yj * 

3/ .41 






4 


O C 7C 

oo./b 




K O . 


O 
O 


45. /2 




WO, 


4 


»/> -7-* 

46.71 


1 n 


be o + 


A 

4 


45.71 




MO J + 


4 


46.40 




bl 3 + 


4 


45.30 




O 

be 2 + 


3 


153.89 




be 2 + 


3 


153.89 


1 o 


Be 2 + 


3 


153.89 




Be 3 + 


4 


217.71 




Br 2 + 


3 


36.00 




oe 3 + 


4 


36.76 




01 3 + 


4 


53.46 


on 
2 U 


Kr 3 + 


4 


52.50 




Kb 3 + 


4 


52.60 




D O 

B 2 + 


3 


37.93 




r 4 + 


r* 

5 


65.02 




b 2 + 


3 


37.93 


P o 


V 4 + 


5 


65.23 




DO, 


o 
o 


37.93 




DO, 


Q 

o 


o "7 no 

37. 93 




DO, 


o 
O 


37.93 




no. 


o 

o 


37.93 




D O 

B 2 + 


3 


37.93 




b 2 + 


3 


37.93 




B 2 + 


3 


37.93 




B 2 + 


3 


37.93 




B 2 + 


3 


37.93 


35 


B 2 + 


3 


37.93 




B 2 + 


3 


37.93 



LI o + 


3 


4 f\ r\ AT* 

122.45 


27.72 


Mn o + 


6 


95.00 


27.45 


be 1 + 


1 


9.32 


27.51 


Be 1 + 


1 


9.32 


27.63 


be i + 


1 


9.32 


28.16 


be 1 + 


4 
1 


9.32 


28.09 


be i + 


4 
1 


O OO 

9.32 


27.44 


be 2 + 


o 

2 


18.21 


27.51 


be 2 + 


2 


18.21 


28.50 


Be 2 + 


2 


18.21 


27.50 


Be 2 + 


2 


18.21 


28.19 


Be 2 + 


2 


18.21 


27.09 


Ne 5 + 


5 


126.21 


27.68 


Kr 8 + 


8 


126.00 


27.89 


Mo 7 + 


7 


126.80 


27.09 


Al 6 + 


6 


190.47 


27.24 


B 1 + 


1 


8.30 


27.70 


B 1 + 


1 


8.30 


28.46 


B 2 + 


2 


25.15 


28.31 


B 2 + 


2 


25.15 


27.35 


B 2 + 


2 


25.15 


27.45 


P 1 + 


1 


10.49 


27.44 


B 3 + 


3 


37.93 


27.09 


b 1 + 


1 


10.36 


27.57 


B 3 + 


3 


37.93 


27.30 


AS 1 + 


1 


9.81 


28.12 


o8 1 -f 


1 


9.75 


28.18 


1 i 
1 1 + 


1 


10.45 


27.48 


Ba 2 + 


2 


10.00 


27.93 


ue 2 + 


2 


10.85 


27.08 


Pr 2 + 


2 


10.55 


27.38 


Nd 2 + 


2 


10.73 


27.20 


Pm 2 + 


2 


10.90 


27.03 


Hg 1 + 


1 


10.44 


27.49 


Rn 1 + 


1 


10.75 


27.18 


Ra 2 + 


2 


10.15 


27.78 
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pi O , 


3 


39. b l 




LX\ c. + 


o 


on 70 

39./ 2 




Mh ^ i 


A 

4 


QQ OA 




rf O + 


4 


38.98 


c 


r\r o + 


4 


52.50 




nU O + 


A 


CO CA 

52.60 






v 3 


4 / .89 




Ml 4 + 


c 
5 


"7 C f\ O 

75.02 




re 4 + 


5 


75.00 


1 n 


Nl 4 + 


5 


75.50 




O 2 + 


3 


47.89 




O 2 + 


3 


47.89 




O 2 + 


3 


47.89 




O 2 + 


3 


47.89 


1 ^ 


C 2 + 


3 


47.89 




Lf 2 + 


3 


47.89 




O 2 + 


3 


47.89 




O 2 + 


3 


47.89 




oC 4 + 


5 


91.66 


o n 


C 3 + 


4 


64.49 




U 3 + 


4 


64.49 




O 3 + 


4 


64.49 




U 3 + 


4 


64.49 




U 3 + 


4 


64.49 




O 3 + 


4 


64.49 




o9 J + 


4 


42.94 




tU 3 + 


A 

4 


42.60 




MO o + 


4 


42.50 




tr 3 + 


4 


42.60 


o u 


Tm 3 + 


4 


42.70 




rb 3 + 


4 


42.32 




Sr 3 + 


4 


57.00 




N 2 + 


3 


47.45 




Ar 4 + 


5 


75.02 


35 


Fe4 + 


5 


75.00 




Ni 4 + 


5 


75.50 



O 1 + 


1 


1 1 .26 


28.35 


O 1 + 


■4 
1 


1 1 .26 


28.46 


O 1 + 


1 


1 1 .26 


27.04 


U i + 


4} 
1 


4 4 f\ /** 

1 1 .26 


27.72 


U 2 + 


2 


24.38 


28.12 


O 2 + 


2 


24.38 


28.22 


r 2 + 


2 


19.73 


28.16 


O 3 + 


3 


47.89 


27.13 


C 3 + 


3 


47.89 


27.11 


C 3 + 


3 


47.89 


27.61 


Cu 2 + 


2 


20.29 


27.60 


Ga 2 + 


2 


20.51 


27.38 


Y 3 + 


3 


20.52 


27.37 


Pd 2 + 


2 


19.43 


28.46 


Ce 3 + 


3 


20.20 


27.69 


Gd 3 + 


3 


20.63 


27.26 


Au 2 + 


2 


20.50 


27.39 


Tl 2 + 


2 


20.43 


27.46 


C 4 + 


4 


64.49 


27.17 


Cu 3 + 


3 


36.83 


27.66 


Br 3 + 


3 


36.00 


28.49 


Kr 3 + 


3 


36.95 


27.54 


Cd 3 + 


3 


37.48 


27.01 


Te 4 + 


4 


37.41 


27.08 


Ce 4 + 


4 


36.76 


27.73 


K i 4 

N 1 + 


1 


14.53 


28.41 


N 1 + 


1 


14.53 


28.07 


N H 


1 


14.53 


27.97 


N 1 + 


1 


14.53 


28.07 


N 1 + 


1 


14.53 


28.17 


N 1 + 


1 


14.53 


27.79 


N 2 + 


2 


29.60 


27.40 


P 2 + 


2 


19.73 


27.72 


N 3 + 


3 


47.45 


27.57 


N 3 + 


3 


47.45 


27.55 


N 3 + 


3 


47.45 


28.05 
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MO. 
IN c + 


o 
o 


4 / .40 




M p , 

I* ^ «r 


o 
o 


4 / .40 




N ? 4- 

•>l £ + 


o 


4 / .4 0 




M O » 

M C + 


q 
O 


4 / .40 




IN £ + 


o 
O 


47.45 




MO. 
IN £ + 


0 


4/ .45 




IN 0 + 




/ /.47 




MO. 
IN O + 


4 


"7~7 >l "7 

/ 7.47 




MO. 
IM O + 


4 


/ / .4 / 


1 0 


INB 4 + 


5 


4 ft /•» r\ a 

126.21 




re o + 


-7 


A r\ c ft ft 

125.00 




WT ( + 


8 


126.00 




iND b + 


7 


125.00 




M vl 

N 4 + 


5 


97.89 


1 c 


Ne 1 + 


2 


40.96 




A ^ O 

Ar d + 


3 


40.74 




0~ ft 

Sn 3 + 


4 


40.73 




rm 3 + 


4 


41.10 




om d + 


4 


41 .40 


d u 


r\% « ft 

Dy 3 + 


4 


41.50 




P o . 
r ^ + 


3 


62.71 






3 


63.45 




U 1 + 


ft 

2 


35.12 




U 1 + 


2 


35.1 2 




U 1 + 


2 


35.12 




nil 


ft 


O C 4 ft 

35. 1 2 




w i + 


o 
d 


O C 4 ft 

35.1 2 




w 1 + 


d 


O C 4 ft 

35.12 




O 1 . 

i + 


o 
<c 


O C 4 o 

35.12 




U 1 + 


2 


35.12 




1 + 




ft C 4 r-v 

35.12 




O 1 + 


2 


35.12 




O 1 + 


2 


35.1.2 




O 1 + 


2 


35.12 


35 


O 1 + 


2 


35.12 




O 1 + 


2 


35.12 



Oil <: + 


2 


Oft ft ft 

20.29 


27.16 


rQ d + 


d 


A ft A ft 

1 9.43 


28.02 


1 o . 
I d + 


d 


A ft A ft 

19.13 


28.32 


1 o 

La 3 + 


3 


4ft 4ft 

19.18 


28.27 


3 + 


ft 

3 


Oft ft ft 

20.20 


27.25 


Tl O . 

112 + 


2 


Oft A ft 

20.43 


27.02 


Or 4 + 


4 


49.10 


28.37 


As 4 + 


4 


50.13 


27.34 


1 A 

La 4 + 


4 


49.95 


27.52 


M C . 

N 5 + 


5 


97.89 


28.32 


N 5 + 


5 


97.89 


27.11 


N 5 + 


5 


97.89 


28.11 


N 5 + 


5 


97.89 


27.11 


Te 6 + 


6 


70.70 


27.19 


0 1 + 


1 


13.62 


27.34 


O 1 + 


1 


13.62 


27.12 


O 1 + 


1 


13.62 


27.12 


O 1 + 


1 


13.62 


27.48 


O 1 + 


1 


13.62 


27.78 


/""V A 

O 1 + 


1 


13.62 


27.88 


O 2 + 




35.12 


27.59 


0 2 + 




35.12 


28.33 


Mg 1 + 


1 


7.65 


27.47 


T* A 

Ti 1 + 


1 


6.82 


28.30 


\ / A 

V 1 + 


1 


6.74 


28.38 


Cr 1 + 


1 


6.77 


28.35 


Mn 1 + 


1 


7.43 


27.68 


r A a 

re 1 + 


1 


T ftT 

7.87 


27.25 


UO 1 + 


1 


7.86 


27.26 


Ni 1 + 


1 


7.64 


27.48 


Cu 1 + 


1 


7.73 


27.39 


Ge 1 + 




7.90 


27.22 


Zr 1 + 




6.84 


28.28 


Nb 1 + 




6.88 


28.24 


Mo 1 + 




7.10 


28.02 


Tc 1 + 




7.28 


27.84 
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10 



15 



20 



25 



30 



35 



U 1 + 


2 


35.12 


Ru 1 + 


1 


7.37 


27.75 


O 1 + 


2 


35.12 


Rh 1 + 


1 


7.46 


27.66 


O 1 + 


2 


35.12 


Ag 1 + 


1 


7.58 


27.54 


O 1 + 


2 


35.12 


Sn 1 + 


1 


7.34 


27.77 


0 1 + 


2 


35.12 


Ta 1 + 


1 


7.89 


27.23 


0 1 + 


,'2 


35.12 


W 1 + 


1 


7.98 


27.14 


0 1 + 


.2 


35.12 


Re 1 + 


1 


7.88 


27.24 


0 1 + 


2 


35.12 


Pb 1 + 


1 


7.42 


27.70 


O 1 + 


2 


35.12 


Bi 1 + 


1 


7.29 


27.83 


0 2 + 


3 


54.93 


Ar 2 + 


2 


27.63 


27.30 


K 4 + 


5 


82.66 


0 3 + 


3 


54.93 


27.73 


0 2 + 


3 


54.93 


Ti 3 + 


3 


27.49 


27.44 


Zn 4 + 


5 


82.60 


0 3 + 


3 


54.93 


27.67 


0 2 + 


3 


54.93 


Rb2 + 


2 


27.28 


27.65 


0 2 + 


3 


54.93 


Mo 3 + 


3 


27.16 


27.77 


0 3 + 


4 


77.41 


Cr 4 + 


4 


49.10 


28.31 


O 3 + 


4 


77.41 


As 4 + 


4 


50.13 


27.28 


O 3 + 


4 


77.41 


La 4 + 


4 


49.95 


27.46 


Mg 4 + 


5 


141.26 


O 5 + 


5 


113.90 


27.36 


O 5 + 


6 


138.12 


Sc 6 + 


6 


111.10 


27.02 


Cu 7 + 


8 


166.00 


O 6 + 


6 


138.12 


27.88 


0 5 + 


6 


138.12 


Kr 7 + 


7 


111.00 


27.12 


Si 3 + 


4 


45.14 


F 1 + 


1 


17.42 


27.72 


K 2 + 


3 


45.72 


F 1 + 


1 


17.42 


28.30 


Ge 3 + 


4 


45.71 


F 1 + 


1 


17.42 


28.29 


Lu 3 + 


4 


45.19 


F 1 + 


1 


17.42 


27.77 


Bi 3 + 


4 


45.30 


F 1 + 


1 


17.42 


27.88 


F 2 + 


3 


62.71 


F 2 + 


2 


34.97 


27.74 


Ne 2 + 


3 


63.45 


P 2 + 


2 


34.97 


28.48 


F 1 + 


2 


34.97 


Mg 1 + 


1 


7.65 


27.32 


F 1 + 


2 


34.97 


Sc 1 + 


1 


6.54 


28.43 


F 1 + 


2 


34.97 


Ti 1 + 


1 


6.82 


28.15 


F 1 + 


2 


34.97 


V 1 + 


1 


6.74 


28.23 


F 1 + 


2 


34.97 


Cr 1 + 


1 


6.77 


28.20 


F 1 + 


2 


34.97 


Mn 1 + 


1 


7.43 


27.54 


F 1 + 


2 


34.97 


Fe 1 + 


1 


7.87 


27.10 
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F 1 + 


2 


34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 


5 


F 1 + 


2 


34.97 




F 1 + 


: 2 


34.97 




F 1 + 


: 2 


34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 


1 0 


F 1 + 


2 


34.97 




F 1 + 


2 


. 34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 


15 


F 1 + 


2 


34.97 




F 1 + 


2 


34.97 




F 1 + 


2 


34.97 




F 2 + 


3 


62.71 




F 2 + 


3 


62.71 


20 


Ar 5 + 


6 


91.01 




Cr 5 + 


6 


90.56 




F 2 + 


3 


62.71 




F 2 + 


3 


62.71 




Sr 5 + 


6 


90.80 


25 


F 2 + 


3 


62.71 




F 2 + 


3 


62.71 




F 4 + 


5 


114.24 




CI 6 + 


7 


114.19 




F 3 + 


4 


87.14 


30 


F 3 + 


4 


87.14 




F 3 + 


4 


87.14 




F 3 + 


4 


87.14 




F 4 + 


5 


114.24 




Mg 4 + 


5 


141.26 


35 


F 6 + 


7 


185.18 




Cr 7 + 


8 


184.70 



Co 1 + 


1 


7.86 


27.11 


Ni 1 + 


1 


7.64 


27.34 


Cu 1 + 


1 


7.73 


27.24 


Ge 1 + 


1 


7.90 


27.07 


Zr 1 + 


1 


6.84 


28.13 
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39.61 




Ca3 + 


4 


67.10 




CI 2 + 


3 


39.61 


25 


CI 2 + 


3 


39.61 


> 


Mo 5 + 


6 


68.00 




CI 2 + 


3 


39.61 




CI 2 + 


3 


39.61 




CI 2 + 


3 


39.61 


30 


CI 2 + 


3 


39.61 




CI 2 + 


3 


39.61 




CI 2 + 


3 


39.61 




C| 2 + 


3 


39.61 




CI 2 + 


3 . 


39.61 


35 


CI 2 + 


3 


39.61 




Se 5 + 


6 


81.70 



1 2 + 


2 


19.13 


28.17 


La 3 + 


3 


19.18 


28.12 


Ce3 + 


3 


20.20 


27.10 


S 5 + 


5 


72.68 


27.32 


Sb4 + 


4 


44.20 


28.48 


Lu 4 + 


4 


45.19 


27.49 


Bi 4 + 


4 


45.30 


27.38 


Ar 4 + 


4 


59.81 


28.24 


K 4 + 


4 


60.91 


27.14 


Br 5 + 


5 


59.70 


28.35 


S 6 + 


6 


88.05 


27.95 


Cl 1 + 


1 


12.97 


27.77 


CI 1 + 


1 


12.97 


27.03 


CI 1 + 


-I 


12.97 


27.77 


CI 1 + 


! 


12.97 


27.44 


CI 1 + 


! 


12.97 


28.13 


CI 1 + 


•j 


12.97 


28.43 


CI 2 + 


2 


23.81 


27.10 


CI 2 + 


2 


23.81 


27.39 


CI 2 + 


2 


23.81 


27.49 


CI 3 + 


3 


39.61 


28.19 


Ca2 + 


2 


11.87 


27.74 


CI 3 + 


3 


39.61 


27.49 


Br 1 + 


1 


11.81 


27.80 


Y 2 + 


2 


12.24 


27.37 


CI 3 + 


3 


39.61 


28.39 


Xe 1 + 


1 


12.13 


27.48 


Eu 2 + 


2 


11.24 


28.37 


Gd2 + 


2 


12.09 


27.52 


Tb 2 + 


2 


11.52 


28.09 


Dy 2 + 


2 


11.67 


27.94 


Ho 2 + 


2 


11.80 


27.81 


Er 2 + 


2 


11.93 


27.68 


Tm 2 + 


2 


12.05 


27.56 


Yb2 + 


2 


12.18 


27.43 


CI 4 + 


4 


53.46 


28.24 
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Zr 4 + 


5 


81.50 




CI 3 + 


4 


53.46 




CI 3 + 


4 


53.46 




CI 3 + 


4 


53.46 


5 


CI 3 + 


4 


53.46 




CI 3 + 


• ; 4 


53.46 




CI4 + 


• 5 


67.80 




CI 4 + 


5 


67.80 




Mn 5 + 


6 


95.00 


10 


CI 4 + 


5 


67.80 




CI 4 + 


5 


67.80 




CI 4 + 


5 


67.80 




CI 4 + 


5 


67.80 




CI 4 + 


5 


67.80 


15 


Ar 6 + 


7 


124.32 




CI 5 + 


6 


97.03 




Fe6 + 


7 


125.00 




Nb6 + 


7 


125.00 




CI 5 + 


6 


97.03 


20 


Ti 3 + 


4 


43.27 




Se 3 + 


4 


42.94 




Sr 2 + 


3 


43.60 




Sb 3 + 


4 


44.20 




Gd3 + 


4 


44.00 


25 


Yb3 + 


4 


43.70 




Fe 3 + 


4 


54.80 




Ni 3 + 


4 


54.90 




Cu 3 + 


4 


55.20 




Sb4 + 


5 


56.00 


30 


Bi 4 + 


5 


56.00 




Ar 2 + 


3 


40.74 




Ar 2 + 


3 


40.74 




Se4 + 


5 


68.30 




Ar 2 + 


3 . 


40.74 


35 


Mo 5 + 


6 


68.00 




Pb4 + 


5 


68.80 



CI 4 + 


4 


53.46 


28.04 


Nb3 + 


3 


25.04 


28.42 


Sb3 + 


3 


25.30 


28.16 


Cs 2 + 


2 


25.10 


28.36 


Yb3 + 


3 


25.03 


28.43 


Bi 3 + 


3 


25.56 


27.90 


CI 3 + 


3 


39.61 


28.19 


Ar 3 + 


3 


40.74 


27.06 


CI 5 + 


5 


67.80 


27.20 


2n3 + 


3 


39.72 


28.08 


Rb3 + 


3 


40.00 


27.80 


Sn 4 + 


4 


40.73 


27.07 


Nd4 + 


4 


40.41 


27.39 


Tb4 + 


4 


39.80 


28.00 


CI 6 + 


.6 


97.03 


27.29 


Cr 5 + 


5 


69.30 


27.73 


CI 6 + 


6 


97.03 


27.97 


CI 6 + 


6 


97.03 


27.97 


Pb 5 + 


5 


68.80 


28.23 


Ar 1 + 


1 


15.76 


27.51 


Ar 1 + 


1 


15.76 


27.19 


Ar 1 + 


1 


15.76 


27.84 


Ar 1 + 


1 


15.76 


28.44 


Ar 1 + 


1 


15.76 


28.24 


Ar 1 + 


1 


15.76 


27.94 


Ar 2 + 


2 


27.63 


27.17 


Ar 2 + 


2 


27.63 


27.27 


Ar 2 + 


2 


27.63 


27.57 


Ar 2 + 


2 


27.63 


28.37 


Ar 2 + 


2 


27.63 


28.37 


Sc 2 + 


2 


12.80 


27.94 


Ti 2 + 


2 


13.58 


27.16 


Ar 3 + 


3 


40.74 


27.56 


Zr 2 + 


2 


13.13 


27.61 


Ar 3 + 


3 


40.74 


27.26 


Ar 3 + 


3 


40.74 


28.06 





Ar 3 + 


4 




Ar 3 + 


4 




Ar 3 + 


4 




Bi 5 + 


6 


5 


Ar 4 + 


5 




Cu5 + 


;6 




Ar 4 + 


, 5 




Br 6 + 


7 




Nb5 + 


6 


10 


Ti 5 + 


6 




Mn 6 + 


7 




Ar 5 + 


6 




Ar 5 + 


6 




Ar 7 + 


8 


15 


K 1 + 


2 




Xe2 + 


3 




Pb2 + 


3 




K 1 + 


2 




Zn 3 + 


4 


20 


Br 4 + 


5 




K 1 + 


2 




Te 4 + 


5 




K 1 + 


2 




Sc 3 + 


4 


25 


K 2 + 


3 




K 2 + 


3 




K 2 + 


3 




K 2 + 


3 




K 2 + 


3 


30 


K 2 + 


3 




K 3 + 


4 




K 3 + 


4 




Br 5 + 


6 




K 3 + 


4 


35 


K 3 + 


4 




K 3 + 


4 



59.81 


K 2 + 


59.81 


Xe3 + 


59.81 


Pb3 + 


88.30 


Ar 4 + 


75.02 


V 4 + 


103.00 


Ar 5 + 


75.02 


Br 4 + 


103.00 


Ar 5 + 


102.60 


Ar 5 + 


119.36 


Ar 6 + 


119.27 


Ar 6 + 


91.01 


Ga4 + 


91.01 


As 5 + 


143.46 


Y 7 + 


31.63 


K 1 + 


32.10 


K 1 + 


31.94 


K 1 + 


31.63 


K 1 + 


59.40 


K 2 + 


59.70 


K 2 + 


31.63 


Rb 1 + 


58.75 


K 2 + 


31.63 


Cs 1 + 


73.47 


K 3 + 


45.72 


Ni 2 + 


45.72 


Zn2 + 


45.72 


As 2 + 


45.72 


Rh 2 + 


45.72 


. Te2 + 


45.72 


Pt 2 + 


60.91 


Mn 3 + 


60.91 


Co 3 + 


88.60 


K 4 + 


60.91 


Pd3 + 


60.91 


I 3 * 


60.91 


Hf 4 + 



2 


31.63 


28.19 


3 


32.10 


27.71 


3 


31.94 


27.87 


4 


59.81 


28.49 


4 


46.71 


28.31 


5 


75.02 


27.98 


4 


47.30 


27.72 


5 


75.02 


27.98 


5 


75.02 


27.58 


. 6 


91.01 


28.35 


6 


91.01 


28.26 


4 


64.00 


27.01 


5 


63.63 


27.38 


7 


116.00 


27.46 


1 


4.34 


27.28 


1 


4.34 


27.76 


1 


4.34 


27.60 


1 


4.34 


27.28 


2 


31.63 


27.78 


2 


31.63 


28.08 


1 


4.18 


27.45 


2 


31.63 


27.13 


1 


3.89 


27.73 


3 


45.72 


27.75 


2 


18.17 


27.55 


2 


17.96 


27.76 


2 


18.63 


27.09 


2 


18.08 


27.64 


2 


18.60 


27.12 


2 


18.56 


27.16 


3 


33.67 


27.24 


3 


33.50 


27.41 


4 


60.91 


27.69 


3 


32.93 


27.98 


3 


33.00 


27.91 


4 


33.33 


27.58 



154 



10 



15 



20 



25 



30 



35 



Bi 5 + 
Sc5 + 
K 4 + 
K 4 + 
K 4 + 
Kr 6 + 
Ca6 + 
V 5 + 
K 5 + 
As 5 + 
K 5 + 
K 5 + 
K 7 + 
K 7 + 
K 7 + 
Mn2 + 
Co 2 
Ge2 + 
Zr 3 + 
Hf 3 + 
Hg2 + 
Zn 2 + 
Rb2 + 
Pr 3 + 
Tb 3 + 
Kr 5 + 
Ca2 + 
Ca2 + 
Ca2 + 
Ca2 + 
Ca2 + 
Ca2 + 
Ca2 + 
Mn 5 + 
Ca 3 + 
Ca 3 + 



6 
6 
5 
5 
5 
! 7 
7 
6 
6 
6 
6 
6 
8 
8 
8 
3 
3 
3 
4 
4 
3 
3 
3 
4 
4 
6 
3 
3 
3 
3 
3 
3 
3 

6 . 

4 

4 



88.30 
111.10 
82.66 
82.66 
82.66 
111.00 
127.70 
128.12 
100.00 
127.60 
100.00 
100.00 
154.86 
154.86 
154.86 
33.67 
33.50 
34.22 
34.34 
33.33 
34.20 
39.72 
40.00 
38.98 
39.80 
78.50 
50.91 
50.91 

50.91 

50.91 

50.91 

50.91 

50.91 

95.00 

67.10 

67.10 



K 4 + 
K 5 + 
Fe4 + 
Ni 4 + 
Cu4 + 
K 5 + 
K 6 + 
K 6 + 
Mn5 + 
K 6 + 
Sr 5 + 
Sn 5 + 
Ca 7 + 
As 6 + 
Mo 7 + 
Ca 1 + 
Ca 1 + 
Ca 1 + 
Ca 1 + 
Ca 1 + 
Ca 1 + 
Ca 2 + 
Ca 2 + 
Ca2 + 
Ca 2 + 
Ca 3 + 
Zr 3 + 
Sm 3 + 
Dy3 + 
Ho 3 + 
Er 3 + 
Tm 3 + 
Hf 3 + 
Ca4 + 
Zn 3 + 
Rb3 + 



4 
5 
4 
4 
4 
5 
6 
6 

5 

6 

5 

5 

7 

6 

7 



2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

4 

3 

3 



60.91 
82.66 
54.80 
54.90 
55.20 
82.66 
100.00 
100.00 
72.40 
100.00 
71.60 
72.28 
127.70 
127.60 
126.80 
6.11 
6.11 
6.11 
6.11 
6.11 
6.11 
1 1.87 
1 1.87 
1 1.87 
1 1.87 
50.91 
22.99 
23.40 
22.80 
22.84 
22.74 
23.68 
23.30 
67.10 
39.72 
40.00 



27.39 

28.44 

27.86 

27.76 

27.46 

28.34 

27.70 

28.12 

27.60 

27.60 

28.40 

27.72 

27.16 

27.26 

28.06 

27.55 

27.39 

28.11 

28.23 

27.22 

28.09 

27.85 

28.13 

27.11 

27.93 

27.59 

27.92 

27.51 

28.11 

28.07 

28.17 

27.23 

27.61 

27.90 
27.38 
27.10 
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Ca 3 + 


4 


D/.1U 


Ca 3 + 


4 


o / . i U 


Ca 4 + 




o4.41 


Ca 4 + 


o 


QA A i 

04.41 


Ca 4 ^ 


c 

o 


Q A A 4. 

o4.41 


Ca 5 + 


D 


1 no 70 


Rb 7 + 


P. 
o 


1 oc n a 

I 36.00 


Ca 5 + 


D 


4 AO "TO 

i Uo.7o 


Te 6 + 

' v O T 


7 


1 37.00 


Ca R 4. 


7 


1 27.70 




7 


1 55.40 




Q 

O 


147.24 




o 
o 


147.24 


#vin c + 


3 


33.67 


oe ^ + 


3 


34.22 


7 r O , 


4 


34.34 


An O . 


*-> 
3 


34.83 


U n o . 

*ig ^ + 


3 


34.20 


Rh 0 _l 


J 


40.00 


oil o + 


4 


40.73 


Nrl 1 i 

mU O + 


4 


40.41 


r in o + 


4 


41.10 


Kr ^ a. 


4 


52.50 


Rh ^ _l. 


4 


52.60 


o + 


4 


73.47 




>i 

H 


73.47 




A 
H 


/3.47 


Sc 3 + 


A 


70 /I "7 

Zo.47 


1 1 J T 


O 


i i A on 

1 1 9.36 


ivii i o + 


7 


1 1 9.27 


Qn A « 


O 


91.66 


Sc4 + 


5 


91.66 


Cu6 + 


7 


139.00 


Cu7 + 


8 . 


166.00 


Ni 2 + 


3 


35.17 


Ge2 + 


3 


34.22 
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r r 4 + 


4 


38.98 


28.12 


I D 4 + 


4 


39.80 


27.30 


br 4 + 


4 


57.00 


27.41 


oD5 + 


5 


56.00 


28.41 


Bi 5 + 


5 


56.00 


28.41 


Se 6 + 


6 


81.70 


27.08 


n> — 

Ca 6 + 


6 


108.78 


27.22 


-7_ c 

Zr 5 + 


5 


81.50 


27.28 


ua 6 + 


6 


108.78 


28.22 


Ti 5 + 


5 


99.22 


28.48 


Ca 7 + 


7 


127.70 


27.70 


t: n 

Ti 6 + 


6 


119.36 


27.88 


Mn 7 + 


7 


119.27 


27.97 


Sc 1 + 


1 


6.54 


27.13 


Sc 1 + 


1 


6.54 


27.68 


Sc 1 + 


1 


6.54 


27.80 


Sc 1 + 


1 


6.54 


28.29 


Sc 1 + 




6.54 


27.66 


Sc 2 + 


2 


12.80 


27.20 


Sc 2 + 


2 


12.80 


27.93 


Sc 2 + 


2 


12.80 


27.61 


Sc 2 + 


2 


12.80 


28.30 


Sc 3 + 


3 


24.76 


27.74 



Sc 3 + 


3 


24.76 


27.84 


Ge 4 + 


4 


45.71 


27.76 


Mo 4 + 


4 


46.40 


27.07 


Lu 4 + 


4 


45.19 


28.28 


Bi 4 + 


4 


45.30 


28.17 


Sc 5 + 


5 


91.66 


27.70 


Sc 5 + 


5 


91.66 


27.61 


Ga4 + 


4 


64.00 


27.66 


As 5 + 


5 


63.63 


28.03 


Sc 6 + 


6 


1 1 1 .1.0 


27.90 


Sc 7 + 


7 


138.00 


28.00 


Ti 1 + 


1 


6.82 


28.35 


Ti 1 + 


1 


6.82 


27.40 
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Zr 3 + 


4 


34.34 


Ti 1 + 


1 


6.82 


27.52 


Ag 2 + 


3 


34.83 


Ti 1 + 


1 


6.82 


28.01 


Hg2 + 


3 


34.20 


Ti 1 + 


1 


6.82 


27.38 


Sn 3 + 


4 


40.73 


Ti 2 + 


2 


13.58 


27.15 


Pm 3 + 


4 


41.10 


Ti 2 + 


2 


13.58 


27.52 


Sm 3 + 


A 


41.40 


Ti 2 + 


2 


13.58 


27.82 


Dy 3 + 


. 4 


41.50 


Ti 2 + 


2 


13.58 


27.92 


Fe3 + 


4 


54.80 


Ti 3 + 


3 


27.49 


27.31 


Ni 3 + 


4 


54.90 


Ti 3 + 


3 


27.49 


27.41 


Cu 3 + 


4 


55.20 


Ti 3 + 


3 


27.49 


27.71 


Ti 3 + 


4 


43.27 


Mn2 + 


2 


15.64 


27.63 


Ti 3 + 


4 


43.27 


Fe2 + 


2 


16.18 


27.09 


Ti 3 + 


4 


43.27 


Ge2 + 


2 


15.93 


27.33 


Rb4 + 


5 


71.00 


Ti 4 + 


4 


43.27 


27.73 


Sr 4 + 


5 


71.60 


Ti 4 + 


4 


43.27 


28.33 


Ti 3 + 


4 


43.27 


Mo 2 + 


2 


16.15 


27 12 


Ti 3 + 


4 


43.27 


Tc 2 + 


2 


15.26 


28.01 


Te 5 + 


6 


70.70 


Ti 4 + 


4 


43.27 


27.43 


Ti 3 + 


4 


43.27 


Hf 2 + 


2 


14.90 


28.37 


Ti 3 + 


4 


43.27 


Pb2 + 


2 


15.03 


28.23 


As 5 + 


6 


127.60 


Ti 5 + 


5 


99.22 


28.38 


Ti 4 + 


5 


99.22 


Rb5 + 


5 


71.00 


28.22 


Ti 4 + 


5 


99.22 


Sr 5 + 


5 


71.60 


27.62 


Mo 6 + 


7 


126.80 


Ti 5 + 


5 


99.22 


27.58 


Ti 7 + 


8 


168.50 


Ti 7 + 


7 


140.80 


27.70 


Ti 7 + 


8 


168.50 


Ti 7 + 


7 


140.80 


27.70 


Mn 7 + 


8 


196.46 


Ti 8 + 


8 


168.50 


27.96 


Ni 2 + 


3 


35.17 


V 1 + 


1 


6.74 


28.43 


Ge2 + 


3 


34.22 


V 1 + 


1 


6.74 


27.48 


Zr 3 + 


4 


34.34 


V 1 + 




6.74 


27.60 


Ag2 + 


3 


34.83 


V 1 + 


1 


6.74 


28.09 


Hg2 + 


3 


34.20 


V 1 + 




6.74 


27.46 


Se 3 + 


4 


42.94 


V 2 + 


2 


14.65 


28.29 


Eu 3 + 


4 


42.60 


V 2 + 


2 


14.65 


27.95 


Ho 3 + 


4 


42.50 


V 2 + 


2 


14.65 


27.85 


Er 3 + 


4 


42.60 


V 2 + 


2 


14.65 


27.95 
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Tm 3 + 
Pb3 + 
Sr 3 + 
Fe4 + 

V 3 + 

V 3 + 

V 3 + 

V 3 + 

V 3 + 

V 3 + 

V 3 + 

V 3 + 

V 4 + 
Ge4 + 

V 4 + 

V 5 + 

V 4 + 

V 4 + 

V 4 + 
Se 6 + 

V 6 + 

Ni2 + 

Ge2 + 

Zr 3 + 

Ag 2 + 

Hg2 + 

Sr 2 + 

Sb3 + 

Gd3 + 

Yb3 + 
Zn3 + 
Te 4 + 
Cr 2 + 
Cr3 + 
Cr 3 + 
Y 4 + 



4 
4 
4 
5 
4 

i 4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
6 
5 
5 
5 
7 
7 
3 
3 
4 
3 
3 
3 
4 
4 
4 
4 
5 
3 

4 . 
4 
5 



42.70 

42.32 

57.00 

75.00 

46.71 

46.71 

46.71 

46.71 

46.71 

46.71 

46.71 

46.71 

65.23 

93.50 

65.23 

93.00 

65.23 

65.23 

65.23 

155.40 

150.17 
35.17 
34.22 
34.34 
34.83 
34.20 
43.60 

44.20 

44.00 

43.70 

59.40 

58.75 

30.96 

49.10 

49.10 

77.00 



V 2 + 

V 2 + 

V 3 + 

V 4 + 
As2 + 
Pd2 + 
In 2 + 
Te2 + 
I 2 + 
La 3 + 
Pt 2 + 
Hg2 + 
Cu3 + 

V 5 + 
Kr 3 + 

V 5 + 
Cd3 + 
Te 4 + 
Ce 4 + 

V 6 + 
Sr 8 + 
Cr 1 + 
Cr 1 + 
Cr 1 + 
Cr 1 + 
Cr 1 + 
Cr 2 + 
Cr 2 + 
Cr 2 + 

Cr 2 + 

Cr 3 + 

Cr 3 + 

Cs 1 + 

Se 2 + 

Br 2 + 

Cr 4 + 



2 

2 

3 

4 

2 

2 

2 

2 

2 

3 

2 

2 

3 

5 

3 

5 

3 

4 

4 

6 

8 



2 

2 

2 

2 

3 

3 

1 

2 

2 

4 



14.65 

14.65 

29.31 

46.71 

18.63 

19.43 

18.87 

18.60 

19.13 

19.18 

18.56 

18.76 

36.83 

65.23 

36.95 

65.23 

37.48 

37.41 

36.76 

128.12 

122.30 
6.77 
6.77 
6.77 
6.77 
6.77 
16.50 

16.50 

16.50 

16.50 

30.96 

30.96 
3.89 

21.19 

21.80 

49.10 



28.05 

27.67 

27.69 

28.29 

28.07 

27.28 

27.84 

28.11 

27.58 

27.53 

28.14 

27.95 

28.40 

28.27 

28.28 

27.77 

27.75 

27.82 

28.47 

27.28 

27.87 

28.40 

27.45 

27.57 

28.06 

27.43 

27.10 

27.70 

27.50 

27.20 

28.44 

27.79 

27.07 

27.91 

27.30 

27.90 
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n' o 16 (resonance shrinkage energy is given by ^ 27.21 eV; with n 
= 16, the resonance shrinkage energy is 217.68) 
35 Atom n nth 'on- Atom n nth Ion- Energy 
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4 
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column following the ion, (n), is the nth ionization energy of the 
atom. For example, Ga2+ + 30.71 eV = Ga3+ + e - and H + e* = H~ + 
3.08 eV. 
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V 2 + 


3 


PQ ^1 


PK 
rD 


-i ^ AC 

• 1 1.05 


28.26 


20 


Tc 2 + 


3 


PQ 54 


Pn 
rO 


i i on 

• 1 1 .80 


27.74 




Tl 2 + 


3 


29 A3 


ru 


1 1 on 


28.03 




N 1 + 


2 


29 GO 


Pn 
ru 


1 1 on 
i 1 .oU 


27.80 




P 2 + 


3 


30 1 8 


Pn 
ru 


1 1 on 


o o o o 

28.38 




V 2 + 


3 


29 31 


Pn 


1 1 on 


0~7 C <4 

27.51 


25 


Ga 2 + 


3 


30.71 


A t 


1 9 An 






Se 2 + 


3 


30.82 


A t 


1 9 RO 


o o no 




Rh 2 + 


3 


31 .06 


A t 


1 9 pn 

1 c.OU 


O o o o 




Sn 2 + 


3 


30.50 


A t 


1 9 AO 


0"7 7 n 

2/ .70 




Tl 2 + 


3 


29 83 

Cm -J . O \J 


A t 


1 9 on 


27.03 


30 


N 1 + 


2 


29.60 


A t 

M I 


1 9 on 


26.80 




P 2 + 


3 


30 1 8 


A t 

Ml 


1 o on 
1 2.0\) 


27.38 




Cr 2 + 


3 


30.96 


At 


1 2.80 


28.16 




Fe2 + 


3 


30.65 


At 


1 2.80 


27.85 




As 2 + 


3 


28.35 


Ge 


1 1.20 


27.15 


35 


Tc 2 + 


3 


29.54 


Ge 


1 1.20 


28.34 




Ru 2 + 


3 


28.47 


Ge 


1 1.20 


27.27 
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In 2 + 


3 


28.03 


N 1 + 


2 


29.60 


Al 2 + 


3 


28.45 


V 2 + 


3 


29.31 


As 2 + 


3 


28.35 


Rb 1 + 


2 


27.28 


Ru2 + 


3 


28.47 


In 2 + 


3 


28.03 


Te 2 + 


3 


27.96 


Al 2 + 


3 


28.45 


Ar 1 + 


2 


27.63 


Ti 2 + 


3 


27.49 


As 2 + 


3 


28.35 


Rb 1 + 


2 


27.28 


Mo 2 + 


3 


27.16 


Ru 2 + 


3 


28.47 


In 2 + 


3 


28.03 


Te 2 + 


3 


27.96 


Al 2 + 


3 


28.45 


Ar 1 + 


2 


27.63 


Ti 2 + 


3 


27.49 


As 2 + 


3 


28.35 


Tc 2 + 


3 


29.54 


Ru2 + 


3 


28.47 


N 1 + 


2 


29.60 


Al 2 + 


3 


28.45 


V 2 + 


3 


29.31 


Cations 


and 


anions with n 



by | 27.21; with n = 16, 



Atom n nth lon- 
Oxidiz- ization 
ed Energy 

(eV) 

Be3+ 4 217.71 
Be3+ 4 217.71 



Ge 


- 1 1.20 


26.83 


Ge 


- 1 1.20 


28.40 


Ge 


- 1 1.20 


27.25 


Ge 


- 1 1.20 


28.11 


Ga 


- 1 0.37 


27.98 


Ga 


- 1 0.37 


26.91 


Ga 


- 1 0.37 


28.10 


Ga 


- 1 0.37 


27.66 


Ga 


- 1 0.37 


27.59 


Ga 


- 1 0.3.7 


28.08 


Ga 


- 1 0.37 


27.26 


Ga 


• 1 0.37 


27.12 


In 


• 1 0.35 


28.00 


In 


- 1 0.35 


26.93 


In 


• 1 0.35 


26.81 


In 


- 1 0.35 


28.1 2 


In 


• 1 0.35 


27.68 


In 


1 0.35 


27.61 


In 


1 0.35 


28.10 


In 


1 0.35 


27.28 


In 


1 0.35 


27.14 


Ag 


1 1.30 


27 05 


Ag 


1 1.30 


28.24 


Ag 


1 1.30 


27.17 


Ag 


1 1.30 


28.30 


Ag 


1 1.30 


27.15 


Ag 


1 1.30 


28.01 


16 (resonance shrinkage 


energy is given 



the resonance shrinkage energy is 217.68) 



nth Ion- Energy 

ization Hole 

Energy ( e V) 
(eV) 

0.80 216.91 

0.61 217.10 



Atom n 
Reduced 



H - 1 

Li - 1 



200 



10 



15 



20 



25 



30 



35 



Ra Q . 


4 


A -4 ~T T J 

21 7.71 


B 


Da Q ■ 
t>6 o + 


4 


217.71 


C 


oe o + 


>• 
4 


217.71 


O 


D c , 


A 

6 


220.43 


0 


ri D + 


6 


220.43 


F 


D6 3 + 




217.71 


Na 


Be 3 + 


4 


217.71 


Al 


Be 3 + 


4 


217.71 


Si 


Be 3 + 


4 


217.71 


P 


Be 3 + 


4 


217.71 


S 


p c , 

r O + 


6 


220.43 


S 


P c . 


A 

6 


220.43 


CI 


Be 3 + 


4 


217.71 


K 


D _ a 

Be 3 + 


4 


217.71 


Fe 


Be 3 + 


4 


217.71 


Co 


Be 3 + 


4 


217.71 


Cu 


P 5 + 


6 


220.43 


Cu 


D c 

r 5 + 


6 


220.43 


Br 


Be 3 + 


4 


217.71 


Rb 


P . 


6 


220.43 


1 


Pa Q . 


4 


217.71 


Cs 


Da 1 

Be 3 + 


4 


217.71 


Se 


P c . 


6 


220.43 


Se 


r D + 


6 


220.43 


Te 


Be 3 + 


4 


217.71 


As 


D c . 
r 5 + 


6 


220.43 


As 


p c . 


6 


220.43 


Sb 




** 


21 7.71 


Bi . 1 




A 

6 


220.43 


Bi . 1 


p r , 


A 

6 


220.43 


Tl . 1 


P 5 + 


D 


£<:U.43 


Au - 1 


Be 3 + 


4 


217.71 


Hg -1 


P 5 + 


6 


220.43 


Hg -1 


Be 3 + 


4 


217.71 


As . 1 


P 5 + 


6 


220.43 


As - r 


Be 3 + 


4 


217.71 


Ce . 1 



0.30 

1.12 

1.47 

1.47 

3.45 

0.52 

0.52 

1.39 

0.78 

2.07 

2.07 

3.61 

0.69 

0.56 

0.95 

1.82 

1.82 

3.36 

0.30 

3.06 

0.30 

1.70 

1.70 

2.20 

0.60 

0.60 

2.00 

0.70 

0.70 

2.10 

2.10 

1.54 

1.54 

0.60 

0.60 

1.20 



217.41 

216.59 

216.25 

218.96 

216.98 

217.19 

217.19 

216.32 

216.94 

215.64 

218.36 

216.82 

217.02 

217.15 

216.76 

215.89 

218.61 

217.07 

217.41 

217.37 

217.41 

216.01 

218.73 

218.23 

217.1 1 

219.83 

218.43 

217.01 

219.73 

218.33 

218.33 

216.17 

218.89 

217.11 

219.83 

216.51 
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P 5 + 
Be 3 + 
P 5 + 
Be 3 + 
P 5 + 
Be 3 + 
P 5 + 
Be 3 + 
P 5 + 
P 5 + 
P 5 + 
Be 3 + 
P 5 + 
Be 3 + 
Be 3 + 
Be 3 + 
P 5 + 
Cations 

by 2 27.21 ; with n = 54, the resonance shrinkage energy is 
734.67) 



6 


220.43 


Ce 


-1 1.20 


219.23 


4 


217.71 


Fr 


- 1 0.46 


217.25 


6 


220.43 


Fr 


- 1 0.46 


219.97 


4 


217.71 


Ge 


- 1 1.20 


216.51 


6 


220.43 


Ge 


-1 1.20 


219.23 


A 


217.71 


Sn 


- 1 1.25 


216 46 

•—IV/. ¥ \J 


. 6 


220.43 


Sn 


- 1 1.25 


219 18 


4 


217.71 


Pb 


- 1 1.05 


216 68 


6 


220.43 


Pb 


- 1 1.05 


21 Q 1ft 


6 


220.43 


Po 


- 1 1.80 


218 61 


6 


220.43 


At 


- 1 2.80 


217 61 


4 


217.71 


Ge 


- 1 1.20 


216 S1 


6 


220.43 


Ge 


-1 1.20 


219.23 


4 


217.71 


Ga 


- 1 0.37 


217.34 


4 


217.71 


In 


- 1 0.35 


217.36 


4 


217.71 


Ag 


-1 1.30 


216.41 


6 


220.43 


Ag 


-1 1.30 


219.13 


and 


anions with n 


= 54 (resonance shrinkage 


energy is giv< 



Atom 


n 


nth Ion- 


Atom n 


Oxidiz- 




ization 


Reduced 


ed 




Energy 
(eV) 




O 6 + 


7 


739.32 


H - 1 


O 6 + 


7 


739.32 


Li - 1 


O 6 + 


7 


739.32 


C - 1 


O 6 + 


7 


739.32 


O - 1 


O 6 + 


7 


739.32 


F - 1 


O 6 + 


7 


739.32 


Na - 1 


O 6 + 


7 


739.32 


Al - 1 


O 6 + 


7 


739.32 


Si - 1 


O 6 + 


7 


739.32 


P - 1 


O 6 + 


7 


739.32 


S . 1 


0 6 + 


7 


739.32 


CI - i 



nth Ion- 


Energy 


ization 


Hole 


Energy 


(eV) 


(eV) 




0.80 


738.52 


0.61 


738.70 


1.12 


738.20 


1.47 


737.85 


3.45 


735.87 


0.52 


738.80 


0.52 


738.80 


1.39 


737.93 


0.78 


738.54 


2.07 


737.24 


3.61 


735.70 
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0 6 + 


7 


739.32 


K 


- 1 0 RQ 


7Tft 


O 6 + 


7 


739.32 


Fe 


- 1 n^fi 

i U.jD 


79B 7A 


O 6 + 


7 


739.32 


Co 




7^a 


0 6 + 


7 


739.32 


Cu 


- 1 1 RP 


7T7 iQ 


O 6 + 


7 


739.32 


Br 


- 1 T Tfi 


7T^ q*; 


O 6 + 


; 7 


739.32 


I 


- 1 T OR 


7QC oc 
/ OD.O 


0 6 + 


• 7 


739.32 


Se 


- 1 1 70 


7Q7 

/ J / .ol 


O 6 + 


7 


739.32 


Te 


- 1 p pn 


/o/.l 1 


0 6 + 


7 


739.32 


As 


I U.OU 


700 70 

/3B.72 


0 6 + 


7 


739 32 


9h 
ou 


. 1 o nn 
• 1 c.UU 


737*32 


O 6 + 


7 


739 TP 


Ri 


• I 0./0 


738.61 


O 6 + 


7 


739 TP 


T 1 
1 1 




737.22 


O 6 + 


7 


7TQ TP 


An 


- I 2.10 


737.22 


O 6 + 


7 


7TQ TP 


LU 


- 1 1.54 


737.78 


O 6 + 


7 


7QQ QO 


A c 
MS 


- i 0.60 


738.72 


O 6 + 


7 


739 TP 


Ho 


- i 1 .20 


738.1 1 


O 6 + 


7 


7TQ TP 


Fr 
i i 


• I 0.4b 


738.85 


O 6 + 


7 


7TQ TP 




• i 1.20 


738.1 1 


O 6 + 


7 


7TQ TP 


Qn 

on 


• i 1.25 


738.07 


O 6 + 


7 


7T9 TP 

/ O J . Oil 


Ph 

rD 


1 1.05 


738.27 


O 6 + 


7 


7TQ TP 


rO 


• l 1.80 


737.52 


O 6 + 


7 


739.32 


At 


1 2.80 


736.52 


O 6 + 


7 


739.32 


Ge 


1 1.20 


. 738.11 


O 6 + 


7 


739.32 


Ga 


1 0.37 


738.95 


O 6 + 


7 


739.32 


In 


1 0.35 


738.97 


O 6 + 


7 


739.32 


Ag 


1 1.30 


738.02 



Some representative couples comprising a cation and a molecule 
capable of producing energy holes for shrinking deuterium atoms 
where the molecule is reduced. The number in the column following 
the ion or molecule, (n), is the nth ionization energy of the atom or 
molecule. For example, Ga2+ + 30.71 eV = Ga3+ + e* and BF3 + e* = 
BF3 + 2.65 eV. 

Atom n nth Ion- Atom n nth Ion- Energy 
Oxidiz- ization Reduced ization Hole 

ed Energy Energy (eV) 

(eV) (eV) 





Ga2 + 


3 


30.71 




Se2 + 


3 


30.82 




Tc 2 + 


3 


29.54 




Rh2 + 


3 


31.06 


5 


Sn 2 + 


3 


30.50 




Tl 2 + 


; 3 


29.83 




N 1 + 


. 2 


29.60 




P 2 + 


3 


30.18 




Cr 2 + 


3 


30.96 


10 


Fe2 + 


3 


30.65 




Se 2 + 


3 


30.82 




Rh2 + 


3 


31.06 




Xe2 + 


3 


32.10 




Pb2 + 


3 


31.94 


15 


K 1 + 


2 


31.63 




Cr 2 + 


3 


30.96 




As 2 + 


3 


28.35 




Rb 1 + 


2 


27.28 




Ru2 + 


3 


28.47 


20 


In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 


25 


As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 


30 


Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




Ga2 + 


3 


30.71 




Se 2 + 


3 


30.82 




Tc 2 + 


3 . 


29.54 


35 


Rh2 + 


3 


31.06 




Sn 2 + 


3 


30.50 
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BF 3 


- 1 2.65 


28.06 


BF 3 


- 1 2.65 


28.17 


BF 3 


• 1 2.65 


26.89 


BF 3 


• 1 2.65 


28.41 


BF 3 


1 2.65 


27.85 


BF 3 


1 2.65 


27.18 


BF 3 


1 2.65 


26.95 


BF 3 


1 2.65 


27.53 


BF 3 


1 2.65 


28.31 


BF 3 


1 2.65 


28.00 


N02 


1 3.91 


26.91 


N02 


1 3.91 


27.15 


N02 


1 3.91 


28.19 


N02 


1 3.91 


28.03 


NO2 


1 3.91 


27.72 


NO2 


1 3.91 


27.05 


02 


1 0.45 


27.90 


02 


1 0.45 


26.83 


02 


1 0.45 


28.02 


02 


1 0.45 


27.58 


0 2 


1 0.45 


27.51 


02 


1 0.45 


28.00 


o 2 


1 0.45 


27.18 


0 2 


1 0.45 


27.04 


SF6 


1 1.43 


26.92 


SF6 


1 1.43 


28.11 


SF 6 


1 1.43 


27.04 


SF 6 


1 1.43 


28.40 


SF6 


1 1.43 


28.17 


SF6 


1 1.43 


27.02 


SF 6 


1 1.43 


27.88 


WF6 


1 2.74 


27.97 


WF 6 


1 2.74 


28.08 


WF 6 


1 2.74 


26.80 


WF 6 


1 2.74 


28.32 


WF 6 


1 2.74 


27.76 





Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 




P 2 + 


3 


30.18 




Cr 2 + 


3 


30.96 


5 


Fe 2 + 


3 


30.65 




Ga2 + 


' 3 


30 71 




Se 2 + 


3 


30 82 




Rh 2 + 


3 


31 OR 

J 1 -V/U 




Sn 2 + 




30 ^0 


1 0 






2Q ft3 




P 2 + 


o 


30 1 ft 




Cr 2 + 


q 


qo QR 




Fp 2 4. 


q 
o 


on cc 




Tr 2 -i. 


q 


OQ C>4 

<^y .D** 


1 5 


Tl 2 x 


q 
o 






Mil 
IN 1 + 


o 
c. 


OQ cn 

<iy .oil 




p O . 


q 


on 1 o 




V ^ + 


q 
o 


OQ O 1 

*:y .o i 




Ac 9 § 




OQ Q c 


20 


IU fc T 


o 


OQ C/l 
d\5 .04 






q 
o 


OA zi7 




In ? j. 

Ill C T 


q 


or nq 




N 1 + 




2Q RO 




AI 2 + 


q 




25 


V 2 + 


3 


29 31 




Ga 2 + 


3 


30 7T 




Se 2 + 


q 


30 ft? 




Rh 2 + 


q 


31 OR 




Ol 1 c + 


q 


qn 


30 




q 


qn 1 ft 

OU. I o 




K 1 + 


2 


31 .63 




Cr 2 + 


3 


30.96 




Fe2 + 


3 


30.65 




As 2 + 


3 


28.35 


35 


Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 
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WF6 


1 2 74 


27 0Q 


WF6 


1 2 74 


2fi fiR 


WF6 


1 2 74 


27 44 


WF6 


1 2 74 


2ft 22 


WFfi 


1 2 74 


27 Q1 


UFfi 


1 2 91 


97 pn 




1 2 Q1 


97 Q1 




1 9 Q1 


Oft 1 1; 




1 9 Q1 


07 CO 


WIQ 


1 9 Q1 


Of5 QO 


UFa 


1 9 Q1 


07 07 


UFc 


1 O Q1 


OQ AC 


I IFc 
Ur() 


1 O Q1 


O 7 "7 >l 


PFo 


1 1 DC 


^/ .69 


PFo 




27.98 


u^3 


1 *1 oc 


27.75 


or3 


1 1 .85 


28.33 


PFo 


1 i QC 


27.46 


PPIo 




27.13 


PPIo 




<£8.32 




1 1 oo 
I I ,d<L 


0"7 O C 


PPIo 


1 1 oo 

I 1 .<Ld 


26.81 


POIo 


1 1 oo 
I I .d<L 


28.38 


CCIo 

w VlJ 


1 1 oo 


d/ .do 


CCIq 


1 1 oo 


O Q HQ 


SiFq 


1 q qc; 


07 

<1 / .OO 


SiFq 


1 q q^ 


07 A 7 


SiFq 


1 q q^ 


07 71 
d / . / \ 


SiFo 


1 q q*; 


07 1 C 


SiFq 


1 O QC 


OC OO 


oir3 


i o oc 

1 3.35 


28.27 


SiF 3 


1 3.35 


27.61 


SiF 3 


1 3.35 


27.30 


NH2 


1 1.12 


27.23 


NH2 


! 1.12 


28.42 


NH2 


! 1.12 


27.35 
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In 2 + 


3 


28.03 


NH2 


1 1.12 


26.91 




Te 2 + 


3 


27.96 


NH2 


1 1.12 


26.84 




N 1 + 


2 


29.60 


NH2 


1 1.12 


28.48 




Al 2 + 


3 


28.45 


NH2 


1 1.12 


27.33 


5 


V 2 + 


3 


29.31 


NH2 


1 1.12 


28.19 




Tc 2 + 


;3 


29.54 


PH 2 


1 1.60 


27.94 




Ru 2 + 


• 3 


28.47 


PH 2 


1 1.60 


26.87 




Tl 2 + 


3 


29.83 


PH 2 


1 1.60 


28.23 




N 1 + 


2 


29.60 


PH 2 


1 1.60 


28.00 


10 


Al 2 + 


3 


28.45 


PH 2 


1 1.60 


26.85 




V 2 + 


3 


29.31 


PH 2 


1 1.60 


27.71 




Tc 2 + 


3 


29.54 


CH 


1 1.83 


27.71 




Tl 2 + 


3 


29.83 


CH 


1 1.83 


28.00 




N 1 + 


2 


29.60 


CH 


1 1.83 


27.77 


1 5 


P 2 + 


3 


30.18 


CM 


1 1.83 


28.35 




V 2 + 


3 


29.31 


CH 


1 1.83 


27.48 




Tc 2 + 


3 


29.54 


SH 


1 2.19 


27.35 




Sn 2 + 


3 


30.50 


SH 


1 2.19 


28.31 




Tl 2 + 


3 


29.83 


SH 


1 2.19 


27.64 


20 


N 1 + 


2 


29.60 


SH 


1 2.19 


27.41 




P 2 + 


3 


30.18 


SH 


1 2.19 


27.99 




V 2 + 


3 


29.31 


SH 


1 2.19 


27.12 




Fe 2 + 


3 


30.65 


SH 


1 2.19 


28.46 




Ga2 + 


3 


30.71 


CN 


1 3.17 


27.54 


25 


Se 2 + 


3 


30.82 


CN 


1 3.17 


27.65 




Rh 2 + 


3 


31.06 


CM 


1 3.17 


27.89 




Sn 2 + 


3 


30.50 


CN 


1 3.17 


27.33 




P 2 + 


3 


30.18 


CN 


1 3.17 


27.01 




K 1 + 


2 


31.63 


CN 


1 3.17 


28.45 


30 


Cr 2 + 


3 


30.96 


CN 


1 3.17 


27.79 




Fe 2 + 


3 


30.65 


CN 


1 3.17 


27.48 




Tc 2 + 


3 


29.54 


SCN 


I 2.17 


27.37 




Sn 2 + 


3 


30.50 


SCN 


I 2.17 


•28.33 




Tl 2 + 


3 


29.83 


SCN 


I 2.17 


27.66 


35 


N 1 + 


2 


29.60 


SCN 


I 2.17 


27.43 




P 2 + 


3 


30.18 


SCN 


I 2.17 


28.01 



206 



V 2 + 


3 


29.31 


SCN 


1 2.17 


27.14 


Fe2 + 


3 


30.65 


SCN 


1 2.17 


28.48 


Ga2 + 


3 


30.71 


SeCN 


1 2.64 


28.07 


Se2 + 


3 


30.82 


SeCN 


1 2.64 


28.18 


Tc2 + 


3 


29.54 


SeCN 


1 2.64 


26.90 


Rh2 + 


. 3 


31.06 


SeCN 


1 2.64 


28.42 


Sn2 + 


. 3 


30.50 


SeCN 


1 2.64 


27.86 


Tl 2 + 


3 


29.83 


SeCN 


1 2.64 


27.19 


N 1 + 


2 


29.60 


SeCN 


1 2.64 


26.96 


P 2 + 


3 


30.18 


SeCN 


1 2.64 


27.54 


Cr 2 + 


3 


30.96 


SeCN 


1 2.64 


28.32 


Fe2 + 


3 


30.65 


SeCN 


1 2.64 


28.01 



Cations and molecular anions with n = 16 (resonance shrinkage 
energy is given by ~ 27.21 with n = 16, the resonance 



15 shrinkage energy is 217.68) 





Atom 


n 


nth Ion- 


Atom n 


nth Ion- 


Energy 




Oxidiz- 




ization 


Reduced 


ization 


Hole 




ed 




Energy 
(eV) 




Energy 
(eV) 


(eV) 


20 


P 5 + 


6 


220.43 


BF3 - 1 


2.65 


217.78 




P 5 + 


6 


220.43 


N02 - 1 


3.91 


216.52 




Be 3 + 


4 


217.71 


02 -1 


0.45 


217.26 




P 5 + 


6 


220.43 


02 -1 


0.45 


219.98 




Be 3 + 


4 


217.71 


SF6 - 1 


1.43 


216.28 


25 * 


P 5 + 


6 


220.43 


SF 6 - 1 


1.43 


219.00 




P 5 + 


6 


220.43 


WF6 - 1 


2.74 


217.69 




P 5 + 


6 


220.43 


UF6 - 1 


2.91 


217.52 




P 5 + 


6 


220.43 


CF 3 -1 


1.85 


218.58 




Be 3 + 


4 


217.71 


CCI3 - 1 


1.22 


216.49 


30 


P 5 + 


6 


220.43 


CCI3 - 1 


1.22 


219.21 




P 5 + 


6 


220.43 


SiF 3 - 1 


3.35 


217.08 




Be 3 + 


4 


217.71 


NH2 - 1 


1.12 


216.59 




P 5 + 


6 


220.43 


NH2 - 1 


1.12 


219.31 




Be 3 + 


4 


217.71 


PH2 - 1 


1.60 


216.1 1 


35 


P 5 + 


6 


220.43 


PH2 - 1 


1.60 


218.83 
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p 


5 + 


6 


220.43 


CM 


1 1.83 


218.60 


p 


5 + 


6 


220.43 


SH 


1 2.19 


218.24 


p 


5 + 


6 


. 220.43 


CN 


1 3.17 


217.26 


p 


5 + 


6 


220.43 


SCN 


1 2.17 


218.26 


p 


5 + 


6 


220.43 


SeCN 


1 2.64 


217.79 



Cations and molecular anions with n = 54 (resonance shrinkage 
energy is given by | 27.21 with n = 54, the resonance shrinkage 
energy is 734.67) 



26. 



Atom 


n 


nth Ion- 


Atom n 


nth Ion 


Energy 


Oxidiz- 




ization 


Reduced 


ization 


Hole 


ed 




Energy 
(eV) 




Energy 
(eV) 


(eV) 


O 6 + 


7 


739.32 


BF 3 -1 


2.65 


736.66 


O 6 + 


7 


739.32 


NO2 - 1 


3.91 


735.41 


O 6 + 


7 


739.32 


02 -1 


0.45 


738.86 


O 6 + 


7 


739.32 


SF6 - 1 


1.43 


737.89 


O 6 + 


7 


739.32 


WF6 - 1 


2.74 


736.58 


O 6 + 


7 


739.32 


UF6 - 1 


2.91 


736.41 


O 6 + 


7 


739.32 


CF 3 -1 


1.85 


737.47 


O 6 + 


7 


739.32 


CCI 3 - 1 


1.22 


738.10 


O 6 + 


7 


739.32 


SiF 3 - 1 


3.35 


735.97 


O 6 + 


7 


739.32 


NH2 - 1 


1.12 


738.20 


O 6 + 


7 


739.32 


PH2 - 1 


1.60 


737.72 


O 6 + 


7 


739.32 


OH - 1 


1.83 


737.48 


O 6 + 


7 


739.32 


SH - 1 


2.19 


737.13 


O 6 + 


7 


739.32 


CN - 1 


3.17 


736.15 


O 6 + 


7 


739.32 


SCN - 1 


2.17 


737.15 


O 6 + 


7 


739.32 


SeCN - 1 


2.64 


736.67 


The apparatus of claim 19, 


wherein said energy hole 


is provided t 



Atom 
Oxidized 
B 3 

Cd 3 



(eV) 



37.48 



37.48 



Atom(s) 
Reduced 

Li 1 

Na 1 

Na 1 



(eV) 

5.392 
5.139 
5.139 



Energy Hole 
(eV) 
27.40 

27.20 
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Na1 5.139 

27. The apparatus of claim 17, further including: 
external energy apparatus; 

means for providing a transfer of energy between said juxtaposed 
first and second elements of matter and said substance, and said external 
energy apparatus for controlling the rate of said fusion according to the 
relative equivalence of said energy hole and resonance shrinkage energy 
transferred to said first and second elements of matter. 

28. The apparatus of claim 27, wherein said means for providing a 
transfer of energy comprises means for applying one of an electric, a 
magnetic field, transfer of heat and acoustic energy to said selected 
volume. 

29. The apparatus of claim 17, further comprising: 

means for receiving said release of energy from said volume; and 
means for transferring the received released energy to external load 
apparatus for dissipation and production of work. 

30. The apparatus of claim 29, wherein: 

said means for receiving comprises heat exchanger means for 
providing a flow of heat in a selected medium; and 

said means for transferring comprises turbine means for receiving 
said heat flow and providing one of electrical and mechanical power 
therefrom. 

31. A method of determining the energy levels of the electron orbitals 
of an element of matter, comprising the steps of: 

determining the centripetal force of each electron orbital; 

determining the gradient of said electrostatic potential of said 
element of matter; 

determining the radius of each electron orbital shell according to 
the centripetal force and the gradient of said electrostatic potential; and 

determine the energy level according to the radius of said electron 
orbital. 

32. The method of claim 31, further providing the step of providing 
relativistic corrections of the determined energy. 

33. The method of claim 31, where the steps of determining the gradient 
comprises: 
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and the step of determining the energy level according to the radius 
comprises: 

_ my2 
'centripetal ~ r 

34. The method of claim 31, further including the steps of: 
determining the gradient of the angular momentum of each said 

electron; 

determining the radius of each Mills electron orbital shell according 
to the centripetal force, gradient of said electrostatic potential and the 
gradient of said angular momentum; 

determining the electrostatic energy of each electron orbital 
according to the radius of each Mills electron orbital shell; 

determining the magnetic energy of each electron orbital according 
to the radius of each electron orbital shell; and 

adding the electrostatic and magnetic energy to provide said 
electron orbital energy level. 

35. The method of claim 34, further including the step of providing 
relativistic correction of the determined energy. 

36. A method of determining the internuclear distance of a chemical 
bond, comprising the steps of: 

determining the decrease in electron electrostatic energy as 
internuclear distance 2y decreases; 

determining the increase in nuclear repulsive energy as internuclear 
distance 2y decreases; and 

determining the distance 2y at which point the change in 
electrostatic energy and nuclear repulsive energy are substantially equal 
to prov.de the internuclear distance of a chemical bond, wherein 

the total energy stored in the resulting electric field is a minimum. 

37. For use in the production of coulombic annihilation fusion, an energy 
hole of energy E, comprising 

a first element of matter selected according to a corresponding 
ionization potential; and 

at least one second element of matter selected according to a 
corresponding ionization potential, wherein 
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the combination of the ionization potentials provides a net positive 
ionization potential substantially equal to E. 

38. An apparatus of claim 22, wherein the source of an energy hole is a 
single cation, neutral atom, or anion or a single molecule which is a 

5 cation, neutral molecule or anion, or is a combination of said species 
wherein the said energy hole is substantially equivalent to n/2 27.21 eV 
where n ■ 2, 3; 4 

39. A method of releasing energy, comprising the steps of: 

selecting a first element of matter having a nucleus and at least one 
1 0 electron orbital; 

selecting a second element of matter having a nucleus and at least 
one electron orbital; 

determining the resonance shrinkage energy levels of the electron 
orbitals of said first and second elements of matter; 

1 5 providing two energy holes substantially equal to each of the 

resonance shrinkage energy levels of said first and second elements of 
matter; 

juxtaposing said first and second elements of matter and said 
energy holes, wherein; 
20 a non-fusion release of energy is produced when the energy of said 

electron orbitals is removed by said energy holes. 

40. A composition of matter, comprising: 

a transition element, m, having a large population of electrons 
receptive of energy from one of an electric and magnetic field to urge 

2 5 formation of Cooper electron pairs; and 

a plurality of materials, A, B, C, and D having strong bond energies 
and a lattice of two of less dimensions, wherein A, B, C. and D each are of 
different atoms, different oxidation states of the same atom, and 
different oxidation states of different atoms, in a cell arrangement, 
30 A 

D — M B, having superconductor properties. 
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